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REGENERATIVE CAPACITY OF VENTRAL ROOTS 
AFTER AVULSION FROM THE SPINAL CORD 

SARAH S. TOWER, Pii.D., M.D. 

BALTIMORE 

The object of this paper is to prove unfounded the prevailing 
assumption that ventral nerve roots cannot regenerate if avulsed from 
the spinal cord. That they do not regenerate in man is general clinical 
experience, certainly. Yet in exploring to their limits the regenerative 
capacities of various parts of the nervous system, one may find that 
clinical experience is a too conservative guide. One would like to 
know whether the failure to regenerate is primarily one of the nerve 
tissue or is secondarily due to obstacles interposed. If the latter, sur- 
gical intervention may be at least considered. If the former, the con- 
dition is perhaps still not irremediable, but the approach will be through 
other than surgical channels. The present report is concerned with 
demonstrating that in cats avulsion of ventral spinal roots is com- 
patible with regenerative activity on the part of the neurons involved, 
even to the extent of functional reinnervation of denervated muscle. 
With full realization that species and age influence greatly the vigor 
of regenerative processes in the peripheral nervous system, and that 
the cat ranks high in respect to that function and man low, the obser- 
vations are nevertheless offered as an invitation to reexamine the 
regenerative capacity of nervous tissue similarly damaged in man. 

EVIDENCE 

Pi ocedw e. Four young adult cats were used. In 3 of these animals the right 
\entra roots from the sixth cervical to the second thoracic segment were separated 
rom t e dorsal roots extradurally and cut distally, at their junction with the 
orsa root ganglia. The dural investment of each ventral root was then clipped 
^ around the ^ stump until the fan of rootlets was exposed. These were 
clamped lengthwise in a fine, curved clamp and pulled from the cord, centrally, 
witi a steady even pull to bring out as long a stump as possible. By this pro- 
ce ure the dural investment of the cord was left intact except that immediately 
surrounding each emerging ventral root. In the fourth animal only three roots, 
t e seventh cervical to the first thoracic, were so treated, but, in addition, the 
dorsal roots a nd ganglia were excised, not avulsed, which emptied the intervertebral 

From the Department of Anatomy, Johns Hopkins University. 

This study was aided by a grant from the Rockefeller Foundation. 
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foramens of nerve tissue. This last animal was killccl after four weeks, and tlie 
other 3 after four, six and twelve months, respectively. All the animals were 
fixed by intra-aortic injection of a 20 per cent concentration of neutral solution 
of formaldehyde U. S. P., after preliminary flushing of the vascular .system with 
saline solution. Observations were made on the living animals, on the spinal cords 
at autopsy and on microscopic preparations of affected parts of the cords and 
skeletal musculature. 

Observations on the Living Animals . — During life the cats exhibited 
an extent of motor ])aral3'sis consistent with their lesions : with five 
roots cut, complete paralysis of the musculature of the related extremity, 
and with three roots cut. somewhat less. I'hc paralyzed muscles wasted 
and contracture resulted. There was also a partial Horner syndrome 
in the eye on the side of the operation. The animals surviving six 
months or less made no appreciable recovery of the lost motor func- 
tions, even the partial Horner syndrome persisting. During the second 
half-year, however, the animal surviving longest gradually reestablished 
some unquestionable control of the skeletal musculature, useful at the 
shoulder and elbow and demonstrable as fascicular twitches, and even 
coarser contractions, in the flexors and extensors of the forearm in 
response to passive stretch. The toes were still tightly fixed in con- 
tracture. The partial Horner s3mdrome was still in evidence, although 
minimal. Functionally, the large motor fibers had made appreciable 
recovery, and possibly the smaller preganglionic sympathetic fibers as 
well. 

Aiitopsy Observations . — The five segments of the cord selected for 
histologic preparation were not closely examined ; that is, the meninges 
and scar were not disturbed. The remaining segments, thirteen in all, 
were carefully freed of loose tissue, including the dura, to expose the 
area for emergence of ventral rootlets. The dorsal rootlets were clipped 
to improve the view from that direction. In every segment so examined 
ventral rootlets were clearly to be seen, emerging from the cord. The 
longer the duration since operation, the better were the3'’ developed, but 
at four months, the earliest of these gross examinations, they were 
clearly defined and were whitish, as though m3'^elinated. The most 
cephalad rootlets of a segment were often distinctly thicker and more 
myelinated in appearance than the middle and caudal segments, an 
observation suggesting that these longer and obliquely coursing rootlets 
had been less severely damaged at avulsion. Even at operation it had 
been evident that some rootlets were breaking off short or just flush 
with the surface of the cord while others were pulling out fairly deeply. 
All the grossly visible rootlets turned laterally and plunged into the 
dense scar tissue, closing the apertures in the dura, where they could 
be followed no farther. In 1 animal, which survived four months, 
just dorsal to each of the five reconstituting ventral roots the cord had 
herniated laterally to form a round nodule 1 to 2 mm. in diameter. 



TOWER— REGENERATIVE CAPACITY OF VENTRAL ROOTS 3 


with lateral distortion of both the white and the gray matter, closel}- 
confined to that portion only, of each segment. Curiously, in no other 
animal did anything corresponding to this develop ; yet there is nothing 
in the operative records to explain this singular occurrence. 

Microscopic Shidy of Spinal Roots a-nd Cord . — Specimens consist- 
ing of an entire segment of the cord together with the attached roots 
and ganglion of each side and scar on the one side were prepared 
according to Cuaj unco’s ^ modification of Bielschowsky’s silver technic 
and sectioned in series transversel}' at 15 microns. Figure 1 shows 
one of these sections. From the cat killed after four weeks all three 
segments, from the seventh cervical to the first thoracic, were taken, 
but from the cats surviving four and six months the eighth cervical 
segment only was used. No histologic preparations were made from 
the cord of the animal surviving a )^ear, the prior examination of the 



Fig- 1. — Section of spinal cord and roots from the caudal end of the eighth 
cervical segment four months after avulsion of the right ventral roots (the left 
side in the photograph). Note the shrunken anterior horn and the reduced thick- 
ness of the anterolateral white column, the tracts of emergent rootlets on both 
sides and the mat of regenerating fibers formed over the emerging rootlets on the 
affected side. Bielschowsky silver stain. 

other specimens and the gross examination having made fairly certain 
what one could expect to find. 

Microscopic examination of the sections of the cord showed even 
at first glance the tremendous vigor of the regenerative process in every 
animal. Emerging from the spaces normally emitting the ventral root- 
lets were nerve fibers, few and fine in the cat surviving one month ; 
more numerous, and both fine and unmyelinated and larger and mye- 
linated, with longer survival. Figure 2 B, D and E show such rootlets 

1. Cuajunco, F. ; Embryologj^ of the Neuromuscular Spindle, Contrib. Embr 3 ’ol. 
19 : 45 , 1927. 







Figure 2 

(See legend oti opposite page) 
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after six months’ survival. By far the greater number of these fibers 
turned decidedly laterally, as seen in B, and reconstituted the rootlets 
which were grossly visible at autopsy. Figure 2 C shows one of the 
larger collections of regenerating fibers forming out of a mat of fibers 
at the surface of the cord and sweeping laterally toward the inter- 
vertebral foramen. 

More striking, however, than these regenerating rootlets were the 
single fibers and small groups which escaped from the main bundles 
into the arachnoid tissue. There the}’^ multipled in a riotous fashion 
into a prodigious number of unmyelinated and intensely argyrophilic 
fibers, which filled the loose connective tissue of the meninges, formed 
dense layers in the adventitia around blood vessels and ran in clusters 
and larger bundles in all directions. Figure 2 B, D and E show such 
fibers leaving the emerging rootlets, and figure 2 F, the dense invest- 
ment of a good-sized artery and vein and smaller bundles in the arach- 
noid. The directions of growth of these vagrant fibers were interesting. 
The meninges dorsolateral and ventromedial to the line of emerging 
root fibers seemed equally open to them, with the adventitia of blood 
vessels especially inviting. At one month they had penetrated the 
ventromedian sulcus to its depth. Fiber bundles were present dorsal 
to the dorsal roots, however, only in the cat in which the dorsal roots 
were also removed. The region of intact ventral roots on the other 
side of the cord was, as it were, hostile territory ; the regenerating 
fibers approached, but did not enter regardless of how long the elapsed 
time since operation: four weeks or six months. Some small fiber 
bundles penetrated the cord again in the adventitia of blood vessels, 
and where this took place far laterall)’’, their being emergent fibers was 


Explanation of Figure 2 

Unretouched photomicrographs of Bielschowsky silver preparations. 

A., tract of regenerating ventral rootlet deep in the white matter of the seventh 
cervical segment four weeks after avulsion of the ventral roots. Magnification X 333. 
B, emerging ventral rootlet six months after avulsion. The fibers inside the cord 
are unmyelinated and intensely argyrophilic, but just outside they begin to myelinate. 
i agnification X 55. C, large-sized rootlet forming from a dense mat of regenerat- 
ing fibers at the surface of the cord and sweeping laterally toward the intervertebral 
oramen, six months after avulsion of the ventral roots. Magnification X 25. D, two 
small ventral rootlets emerging from an uninjured part of the cord surface and 
remyelinating as they turn laterally. Magnification X 120. E, two similar small 
rootlets emerging from a region of injury to the surface of the cord, with fibers 
sweeping out from the white matter of the anterior column between them. Magnifi- 
cation X 120. F, regenerating nerve fibers filling the adventitia of a medium-sized 
vein (left) and artery (right) and forming bundles in the arachnoid four weeks 
after avulsion of the ventral roots. Magnification X 333. 
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out of the question. But this was a I'are occurrence. No fibers grew 
in or on the dura where it was free of scar tissue. The scar filling 
the intervertebral foramen showed the usual florid picture of fibers 
growing in a moderately dense connective tissue, with many examples 
of spiral formation and fountain spraying. And the reconstituted root- 
lets, many of which were fairly well ordered as long as they lay in 
loose arachnoid tissue, plunged into this scar and were confounded. 
Here and there, as shown in figures 1 and 2 C, regenerating fibers had 
formed dense, tangled mats applied to the surface of the cord in the 
region of the emerging rootlets, especiall}^ where the pial membrane 
was damaged. These tended to disorder the reformation of the rootlets, 
although the large rootlet shown in figure 2 C arose in just such a 
plaque. 

Within the spinal cord, the tracts for emergence of ventral root 
fibers were clear in all the specimens — obviously, the preexisting tracts. 
Figure 1 shows them at a low magnification, and figure 2 H, at a higher. 
Some had few or perhaps no fiber occupants ; most had a number. 
There was plain evidence of sclerosis in some of the tracts, the fibrous 
tissue being laid down lengthwise, and little evidence of it in others. 
Adjacent tracts might be sclerosed, the one heavily and the other little, 
if at all, and nerve fibers seemed to emerge equally freely regardless 
of these conditions. 

The fibers emerging along the tracts varied greatly in appearance, 
which depended partly on the time of survival and partly, apparently, 
on the accident of how deeply individual fibers were torn out. The 
four week specimens contained more fibers that compared favorably 
with the control side for size and ni 3 '^elination than did the longer- 
surviving specimens. These appeared to be fibers which had broken 
off short and still retained their oi'iginal myelination. In the specimens 
taken later, perhaps because the avulsion was more thorough, or per- 
haps because the sclerosis resulted in subsequent demyelination, there 
were few such fibers. In all the specimens, however, by far the greater 
number of fibers in the tracts, even deep in and adjacent to the gray 
matter, were fine, intensely argyrophilic, seemingly unmyelinated and 
often irregular in their course — typical regenerating fibers. Figure 2 A 
shows some of these from deep within the white matter at four weeks. 

Throughout all these variously disposed masses and bundles of regen- 
erating fibers, both inside and outside the cord, multiplication was going 
on. The divisions, usually by multiple longitudinal splitting, could be 
seen deep within the rootlet tracts in the cord, as in figure 2 A, and 
more often just inside the cord. But the numbers of fibers leaving the 
cord were still relatively few, and the rootlet bundles were loosely formed, 
as shown in figures 2B and D. Immediately outside the cord, how- 
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ever, division accelerated rapidly, producing, as the bundles passed 
distally, the densely packed reconstituted rootlets and giving rise to the 
sprouts to the arachnoid tissue. Figure 2 B and D show the quantity 
of this multiplication in rootlets as little involved in injury or scarring 
of the cord as could be found ; figure 2 C and E, the quantity apparently 
stimulated b}'^ graver injuiy to the cord. 

If one may judge the amount of opposition to the regenerating fibers 
as in proportion to their multiplication, especially to the fantastic forms 
which this takes, the tracts within the cord must be fairly open and 
easily traversed. Resistance is met first at the passage from the tracts 
into the pia-arachnoid, and increasingly from that point distally, out 
to the dural scar. Certainly, end knobs, such as generally indicate 
blockage of growth in either the central or the peripheral nervous sys- 
tem, were not seen at all in the tracts ; the multiplication of fibers there 
was not excessive, and spirals and other complicated figures of impeded 
regeneration were seen at the exit only, and rarely even there. In 
contrast, all these were increasingly in evidence from the point of 
emergence of the rootlets laterally to the intervertebral foramen. In a 
previous publication by W estbrook and me ^ dealing with the dorsal 
roots of the four week specimens, we could not resist publishing the 
best picture obtained of one of these spirals at the point of emergence. 

In the specimens taken at one month the regenerating fibers did not 
appear to be remyelinated, though without a specific myelin stain this 
does not mean that no remyelination had taken place. In the specimens 
taken at four and six months, although myelinated fibers were almost 
wanting deep within the rootlet tract in the cord, numbers of fibers just 
inside and leaving the cord were heavily myelinated, presenting a fairly 
normal appearance. Especially was this true of fibers turning laterally 
from the point of emergence in the reconstituted rootlets. Characteris- 
tically, the fibers began to be myelinated a little distance from their 
emergence from the cord, as is apparent in figure 2 B and D, the bulk 
of the fibers showing at their emergence, as in their course within the 
cord, the intense silver staining of unmyelinated regenerating axons. 
Even in the best reconstituted rootlets, however, the myelinated fibers 
were still greatly outnumbered by the unmyelinated fibers clustering 
between them. And spirals and other fantastic formations of unmyeli- 
nated axons frequently invested the myelinated fibers. Only rarely were 
the fibers exploring the meninges or filling the adventitia of blood vessels 
myelinated. 

2. Westbrook, W. H. L., Jr., and Tower, S. S. : An Analysis of the Problem 
of Emergent Fibers in Posterior Spinal Roots, Dealing with the Rate of Growth 
of Extraneous Fibers into the Roots After Ganglionectomy, J. Comp. Neurol 72* 
383, 1940. 
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Although regenerating ventral rootlets were the most conspicuous 
source of fibers for the florid growth seen in the specimens they were 
not the only one. The white matter of the anterior column also con- 
tributed, and in no small way, though only where the surface of the 
cord had been injured. The surface layer of arachnoid-pia-neuroglia 
appeared to be impenetrable to nerve fibers from either side so long 
as it was intact. The regenerating fibers clambered in hordes over 
its outer surface but entered the cord only in the adventitia of blood ves- 
sels, while from inside fibers emerged only in what were clearly pre- 
existing rootlet tracts. But where this characteristically staining 
surface layer was injured, as had happened in a number of places, the 
fibers of the white matter poured out to join the proliferating swarm. 
Figure 2 E shows this in its most frequent occurrence, between two 
closely adjacent rootlets, themselves also regenerating, where the sur- 
face layer had apparently been torn away in the avulsion. What might 
be the end result of this growth, should fibers of such origin ultimately 
terminate in motor end plates on skeletal muscle, cannot be hazarded. 

Deeper than the surface, the white matter of the cord was gravely 
damaged only in the specimens taken at four weeks. These showed 
much fiber loss of traumatic origin in both the ventral and the lateral 
column, as well as the emptying of the posterior column due to 
section of the dorsal roots. Avulsion of the other ventral roots was 
apparently more smoothly executed, and with the longer passage of 
time the debris was cleared up and the spaces closed in. But com- 
parison in figure 1 of the thickness of the white matter in the region 
of emerging ventral rootlets on the two sides gives a measure of the 
fibers lost. 

The anterior horn on the side of operation was noticeably smaller 
in area than that on the control side in every specimen. Figure 1 
shows the difference at four months. On looking more closely, one 
saw that a great number of cells had 'disappeared altogether from all 
specimens, though in the specimens taken at four weeks some debris 
could usually be made out. But more significant than this destruction 
is the fact that many of the cells had survived the trauma of having 
their axons torn out. A rough estimate of the percentage of cells sur- 
viving was attempted, as an index to the number of ventral root fibers 
potentially available for regrowth. The four week specimens had 
suffered far the gravest loss of cells, the seventh cervical segment on 
the side of operation possessing never more than half the cell comple- 
ment of the control side. In ten' sections selected at random 1 to 19 
lai'ge motor type cells were counted on the affected side, as com- 
pared with 36 to 46 cells for the control side. Possibly the additional 
trauma of the dorsal root section; with the attendant reduction in blood 
supply to the cord, may have contributed to this loss. In the longer- 
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surviving specimens the cell loss was exceedingly variable throughout 
the segments, and in the different cell groups in one section, the amount 
depending probably on the hazard of how deeply the rootlets were 
torn out. But nowhere did cell counts on the two sides show a loss 
greater than -50 per cent. Generally speaking, the more cephalic por- 
tions of tlie segments, where the roots were apparently less deeply 
avulsed, had suffered less. And the larger, more laterally situated 
cells were general^ present in greater number than the smaller, more 
medially situated cells, possibly because the longer, curved track of 
the root fibers from the lateral cells cushioned, as it were, the shock 
of avulsion to a degree that the shorter, more direct course of the fibers 
from the ventromedial cells could not. 

Although no Nissl stains were made, the cells surviving at four 
weeks looked sick, with eccentric nuclei and seemingly shrunken den- 
drites. By four months, however, and six months also, the surviving 
cells were healthy in appearance, and not noticeably smaller than cor- 
responding cells on the control side, with their nuclei centrally located, 
neurofibrillae clearly stained and no visible pathologic features. 

Microscopic Examination of Skeletal Muscle . — ^The entire fifth 
interosseous muscle from both forepaws and part of the fourth inter- 
osseous muscle were prepared according to the Bielschowsky silver 
method, the entire first muscle being cut longitudinally at 15 microns, 
the second, transversely at 10 microns. 

Thorough examination of the specimens taken four months after 
root avulsion showed no motor end plates or motor nerve fibers, only 
sensory innervation. After six months, however, scattered patches of 
reinnervated muscle fibers could be found, although this reinnervation 
had not been detected functionally. Figure 3 shows one of the regener- 
ating nerve fibers branching to form plaques on two muscle fibers.- The 
reinnervated muscle fibers are thicker and more deeply staining than 
the noninnervated and atrophic fibers in the same field. And the 
accumulation of nuclei to form the sole plate is conspicuous even where 
the reinnervating fiber is of very immature appearance, in striking con- 
trast to the lack of identifiable sole plates on atrophic fibers six months 
after ^ denervation. Apparently, the reassembly of the appropriate 
nuclei takes place rapidly under the stimulus of reinnervation. 

Within the nerve trunks the fibers were still sparse, and with the 
four month preparation as a standard, it seemed that most of them 
must be sensory or sympathetic. But among the muscle fibers, copious 
and somewhat erratic branching greatly increased their number. Up 
to the final branchings the regenerating fibers occupied neurilemma 
sheaths which appeared to have the disposition of the old nerve 
branches. Some of the more florid terminal branching seemed to be 
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free of this pattern. As they approached the muscle fibers, the rein- 
nervating nerve fibers were unmyelinated and unusually argyrophilic. 
Within the nerve trunks the presence of the sensory and sympathetic 
fibers of all sizes made it impossible to distinguish the regenerating- 
fibers with certainty, hut groups of intensely argyrophilic fibers were 
suspect. 

The specimens taken a year after root avulsion showed somewhat 
more extensive reinnervation than that just described, but still very- 
immature. None of these interosseous muscles had recovered function 



Fig. 3. — Regenerating nerve fiber branching and forming motor end plates on 
two muscle fibers. Magnification X 615. 

sufficient to enable the cat to spread the toes when reaching for sup- 
port. And the toes were still firmly flexed and adducted in contracture. 


CONCLUSION 

The assumption that ventral nerve roots cannot regenerate if 
avulsed from the spinal cord is clearly unfounded as a general propo- 
sition. Avulsion of the ventral roots in cats, causing some fibers to 
break off outside the cord, others flush with the cord and still others 
deep within the cord, damages many of the related anterior horn cells 
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irremediably so that they degenerate and disappear. But many cells 
also survive and regenerate their axons. The regenerating axons can 
be seen grovdng and multiplying in the rootlet tracts deep within the 
cord with singularly little evidence of obstruction until they emerge 
into the mesodermal connective tissues. And even there some factor 
operates to converge the reforming rootlets toward the intervertebral 
foramens ; perhaps an attraction emanating from the scar tissue in the 
dural apertures or from the distal cut end of the ventral root, or, more 
likely, a directional organization of the scar tissue in the arachnoid along 
the lines of the avulsion. 

While still within the cord, the regenerating ventral root fibers 
are strikingly not subject to the conditions which block regrowth of 
nerve fibers generally within the central nervous system. MoreoA^er, 
the ventral root exit does not present the impenetrable barrier to 
groAving nerve fibers that the dorsal root entry does (Tower ^). More 
detailed knoAvledge of the arrangement of the supporting tissues in 
these two junctional zones might throw light on such significant dif- 
ferences, especially, perhaps, in relation to the development of the 
neuroglia-neurilemma sheaths of the tAvo roots. Recent experimental 
study of the sheathing of root fibers in chick embryos (Jones has 
indicated that the neural crest gives rise to the sheath cells of the dorsal 
root, and the neural tube, to the sheath cells of the ventral root which 
migrate out along the fibers. With neuroglia and neurilemma develop- 
ing thus in continuity from' Avithin the cord to the periphery on the 
ventral root fibers, it is understandable that the rootlet tract should 
offer no special obstacle to regeneration of these fibers. In the dorsal 
root, on the contrary, where the two tissues meet secondarily, making 
a sharply defined junction, this junction, also understandably, clearly 
offers the first impediment to the reentry of growing nerve fibers 
(Tower ^). 

That the cat can repair aAUilsed ventral spinal nerve roots is, of 
course, no guarantee that man can do likewise. However, since the 
general frustration of axonal regeneration in the central nervous sys- 
tem does not apply to fibers growing in the ventral rootlet tracts, 
and since the large impediment to regeneration of ventral spinal nerve 
roots is the impediment offered to regeneration anywhere in the periph- 
eral nervous system, namely, mesodermal connectiA’^e tissue, especially 
in scar formation, an open mind tOAvard the possibility of regeneration 
of A^entral roots in man, perhaps AAnth surgical interA’ention to cope 

3. Tower, S. S. : A Search for Trophic Influence of Posterior Spinal Roots 
on Skeletal liluscle, with a Note on the Nerve Fibers Found in the Proximal 
Stumps of the Roots After Excision of the Root Ganglia, Brain 54:99. 1931. 

4. Jones, D. S. : Studies on the Origin of Sheath Cells and Sympathetic 
Ganglia in the Chick, Anat. Rec. 73:343, 1939. 
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with scar tissue in the spinal canal, and with care for the musculature 
for the period of years that may be recpiired for regrowth, might alter 
the now hopeless prognosis for this condition. With interest in the 
regenerative capacities of all parts of the nervous system, currently 
stimulated, on the one hand, by the intensified study of poliomyelitis 
and, on the other, by the war, these observations are offered to invite 
reexamination of the regenerative capacity of avulsed ventral spinal 
roots in man. 

SUMMARY 

Ventral spinal nerve roots were avulsed from the cord in 4 cats 
and the animals killed after periods of from four weeks to one year. 
Evidence of regeneration was sought during life and found in the 
longest-surviving animal. Reinnervation of the denervated skeletal 
muscle was demonstrated histologically in the 2 longest-surviving ani- 
mals. Evidence of vigorous regeneration on the part of the ventral 
root fibers was observed either grossly at autopsy or on microscopic 
examination in all the animals, beginning deep in the rootlet tracts of 
the cord. The cells of the cord were variously affected, many being 
destroyed completely, others surviving. The assumption that ventral 
nerve roots cannot regenerate if avulsed from the cord is, therefore, 
obviously unfounded as a generality. The evidence invites reconsider- 
ation of the potential regenerative capacity of the ventral spinal roots 
after similar damage in man. 

Department of Anatomy, Johns Hopkins Medical School. 
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XI. PROGRESSIVE MUSCULAR ATROPHY : REPORT OF A CASE WITH 
UNUSUAL features; effect of PROSTIGMINE AND PHYSO- 
STIGMINE ON FASCICULATIONS ; METABOLISM OF 
ASCORBIC ACID 
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T. P. ALMY, M.D. 

NEW YORK 

The present paper may properly be considered as consisting of three 
parts : ( 1 ) report on a patient in whorn the clinical picture was that of 
progressive chronic anterior poliomyelitis with onset of symptoms in 
earliest childhood and a course that had been slowly progressive for 
about twenty-six years; (2) investigations on the effect of prostigmine 
and physostigmine on muscular fasciculations in this patient and in 
other subjects with progressive muscular atrophy, with comparison of 
the effects on the adventitious movements and those on choline esterase 
activity, and (3) a study of the metabolism of ascorbic acid in this and 
in other patients after administration of large amounts of the vitamin 
for prolonged periods. 

METHODS 

During the period of investigation the patient was in the research metabolism 
ward of the New York Hospital, where the diet could be rigorousb* supervised. 
A creatinine-creatine-free diet constant in its content of calories, protein and ascorbic 
acid from day to day was given. All specimens of urine were collected in dark- 
colored bottles containing acetic acid and immediately placed in the refrigerator 
to preserve the vitamin. The specimens of each period of exactly twenty-four 
hours were mixed together and analyzed for amounts of preformed creatinine, 
creatine, total nitrogen and ascorbic acid by the methods discussed in earlier reports.’- 
The name “fasciculations” is used in this report for the adventitious movements 
commonly seen in the muscles of patients with progressive disease of the anterior 
horn cells. These contractions usually are referred to as “fibrillations” in the clinical 

This study was aided by a grant from the National Foundation for Infantile 
Paralysis, Inc. 

From the Departments of Aledicine and Psychiatry, Cornell University Medical 
College; the Russell Sage Institute of Pathology, and the New York Hospital. 

1. Milhorat, A. T., and Wolff, H. G. : Studies in Diseases of Aluscle: 1. 
Metabolism of Creatine and Creatinine in Progressive Muscular Dj’strophy, Arch. 
Neurol. & Psychiat. 38:992-1024 (Nov.) 1937. Milhorat, A. T.; Bartels, W. E., 
and Toscani, V. : Effect of Hepatic Injury on Vitamin C Excretion in Fasting 
Dogs, Proc. Soc. Exper. Biol. & Med. 45:394-397, 1940. 
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literature, a designation that probably should be limited to the spontaneous fibrillar 
twitching that has its onset on the fourth or fifth day after denervation (Langley 
and Kato -) and can best be demonstrated by viewing the exposed surface of the 
muscle. When fibrillations are well developed, the muscle shows a continuously 
quivering surface. Usually these fibrillations cannot be demonstrated in patients 
by clinical examination. On the other hand, the spontaneous muscular contractions 
discussed in this report are visible through the skin and subcutaneous tissues. 
Denny-Brown and Pennybacker ^ pointed out that the muscular elements involved 
are larger than a single muscle fiber and probably represent the fibers in a motor 
unit. Clark ^ counted an average of about 120 muscle fibers in the motor unit 
of the soleus muscle of the cat. Denny-Brown and Pennybacker suggested the 
name “fasciculations,” and it appears advisable to use the term to distinguish this 
type of contraction from the “fibrillations” discussed by Langley and Kato. 

In a series of investigations the effect of prostigmine and physostigmine on 
the muscular fasciculations was observed. The procedure was as follows: During 
the morning, while the patient was lying comfortably in bed, careful note was 
made by simple inspection of the sites and amount of fasciculation. The patient 
was then given a subcutaneous injection of either prostigmine methylsulfate or 
phi^sostigmine sulfate. Changes in fasciculations and any side effects, such as 
sweating, pallor, abdominal cramps, nausea and vomiting and changes in pulse 
rate, were recorded at various times. The choline esterase activity of the serum 
was determined before the administration of the drug and at different intervals 
after the injection, including the time when the effect of the drug was considered 
to be at its maximum. For the estimation of the choline esterase activity of the 
serum, the procedure previously discussed ® was used. 

REPORT OF CASE 

History . — An unmarried woman aged 28 was admitted to the New York Hos- 
pital on Sept. 23, 1940. Her birth and development during the first year of life 
were said to have been normal. She did not walk until the age of 2 j^ears. The 
gait from the beginning was waddling, and there was lordosis. She was over- 
weight until about the age of 8, when she lost weight steadilj', and has since 
been very thin and underweight. During her earliest days in school it was noted 
that she was unable to hold a pencil in her hand in normal fashion. The hands 
were weak, and she appeared unable to use the thumb in writing. At about the 
same time the patient complained of weakness of the lower extremities, but despite 
this she was able to walk considerable distances to and from school. The dis- 
ability progressed very slowly, but at the age of about 13 the weakness increased 
more rapidly. During the next three years the disability in the lower extremities 
had progressed to the point where she was unable to walk more than five blocks 
on level ground. The difficulty in using the hands likewise increased, and at the 
age of 16 the patient was unable to extend the fingers. At about the same time 
she noted numerous fasciculations of the muscles of the trunk and four extremities. 

2. Langley, J. N., and Kato, T. : The Physiological Action of Physostigmine 
and Its Action on Denervated Skeletal Muscle, J. Physiol. 49:410, 1915. 

3. Denny-Brown, D. E., and Pennybacker, J. B. ; Fibrillation and Fasciculation 
in Voluntary Muscle, Brain 61:311, 1938. 

4. Clark, D. A.: Afuscle Counts of Motor Units: A Study in Innervation 
Ratios, Am. J. Physiol. 96:296-304, 1931. 

5. Milhorat, A. T. : The Choline-Esterase Activity of the Blood Serum in 
Disease, J. Clin. Investigation 17:649-657. 1938. 
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Muscular weakness and wasting progressed slowly but steadily from the age of 
16 until about two years prior to the date of her admission to the hospital. During 
this two year period progression of weakness, especially of the lower extremities, 
was more rapid. At the time of her admission the patient complained of being 
able to walk only short distances, and then with difficulty, and of tiring easily 
when standing. She stated that she usually felt somewhat weaker during the 



Fig. 1. — Photograph of patient with progressive muscular atrophy. 

early hours of the day than in the afternoon. The rest of the history with reference 
to the nervous and muscular systems was negative. There was no record of a 
preceding febrile condition. ' 

The familial history revealed no instance of similar illness or of am' disease 
of the muscles or nervous S 3 "Stem. 

Examiiiatioii . — The patient was thin and poorh- nourished, with small wasted 
muscles, moderate dorsal scoliosis and considerable lordosis (fig. 1). Her gait 
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was slow and waddling. She had considerable difficulty in raising the trunk to a 
sitting position when in bed and was unable to assume the upright position without 
support. Practically all the muscles of the extremities and trunk showed reduction 
in volume and power. Muscular wasting was more evident in the peripheral 
portions of the extremities. The hands showed advanced wasting of the thenar 
and hypothenar eminences and of the interosseous muscles. The first interphalangeal 
joints of the fingers were ankylosed in the position of flexion. The hands pre- 
sented a moderately advanced main en griffe appearance (fig. 2). The feet were 
flat and showed considerable wasting of the muscles. The patient was unable to 
move the feet against even slight passive resistance. All the tendon refle.xes were 
absent. The plantar response was of flexor type bilaterally. Over the entire 
trunk and the four extremities numerous fasciculations were present. These were 
increased when the muscles were tapped with a percussion hammer. Sensibility 
for pain, light touch, vibration, position and temperature was intact. The peripheral 
nerve trunks were not enlarged or tender on palpation. The weight was 43 Kg. 



Fig. 2. — ^Hand of patient with progressive muscular atrophy, whose photograph 
is shown in figure 1. 


Laboratory Data . — ^The concentrations of urea nitrogen, nonprotein nitrogen, 
calcium and phosphorus in the blood were normal. Determinations of the pro- 
thrombin level of the blood, the urea clearance test for renal function and gastric 
analysis showed no abnormality. The activity of the choline esterase of the serum 
was 3 units (normal value) ; the phosphatase level was normal. The basal 
metabolic rates on four occasions were between -{-3 and -f-ffi per cent. Two 
electrocardiograms were normal. Roentgenologic examination showed accentuation 
of the lumbosacral curvature of the spine and slight diffuse decalcification of the 
bones of the hands, spine and pelvis. The average daily urinary output of pre- 
formed creatinine and creatine was 0.700 and 0.200 Gm., respectively. The creatinine 
index (milligrams of preformed creatinine per kilogram of body weight) was 16. 
The creatine tolerance (retention of ingested creatine) was 33.5 per cent. Micro- 
scopic examination of a piece of a tissue removed from the left deltoid muscle showed 
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the fibers to be normal, except those in one small area, where they were in an 
early stage of necrosis. There was slight increase in the connective tissue. 

Subsequent Course . — One and a half years later the patient reported that the 
muscular disability had progressed onl}’' slightl}'^ since she had left the hospital. 

The clinical picture is typical of progressive muscular atrophy 
resulting from disease of the anterior horn cells. However, the onset 
during the first five years of life and the long course are most unusual, 
since progressive muscular atroph)"- of this type almost always begins 
between the ages of 25 and 55 and usually terminates fatally in from 
two to five years. In cases of progressive muscular atrophy of the 
Charcot-Marie-Tooth peroneal type, an early age of onset is not unusual, 
and a course of many years’ duration is common ; however, the absence 
of even minor defects in sensibilit}^ the extent and activity of fascicu- 
lations and the apparently simultaneous involvement of all four 
extremities at so earl}'- an age as that of this patient are features making 
tliis diagnosis less likely. Any of these phenomena can occur in certain 
cases of progressive peroneal muscular atrophy, but their concomitant 
appearance in a patient with considei*able lordosis is unusual for this 
disease. The negative familial history apparently is of little significance 
in making the diagnosis. AATiereas many patients with progressive 
peroneal muscular atrophy give a history of some other person in the 
family with the disease, perhaps an equal number give a negative familial 
histor}^ 

A diagnosis of peripheral neuritis is not justified in this case because 
of the absence of all subjective and objective involvement of sensibility. 
Progressive muscular dystrophy, in rare instances, can begin in peripheral 
groups of muscles, but the number and character of the fasciculations 
in this case make such a diagnosis unlikely. Moreover, microscopic 
examination of the piece of muscle removed for biopsy revealed changes 
more commonly seen in muscles wasted as a result of disease of 
the anterior horns than in muscles with progressive dystrophy. In cases 
of the former condition Slauck ® observed small groups of muscle fibers 
in different stages of atrophy surrounded by entirely normal fibers, 
whereas in cases of progressive muscular dystrophy the atrophic and 
normal fibers were seen lying side by side without the arrangement 
obseiwed in disease of the anterior horn cells. 

From the point of view of diagnosis of any of the muscular syn- 
dromes, this case presents many extraordinary features. We never have 
seen another case with these characteristics and have been unable to find 
a report of a similar case in an extensive survey of the literature. 

6. Slauck, A.; Beitrage zur Kenntnis der J^fuskelpathologie, Ztschr. f. d. ges. 
Neurol, u. Psycliiat. 71:352-356, 1921. 
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EFFECT OF PROSTIGMINE AND PHYSOSTIGMINE ON FASCICULATIONS 

The accompanying table gives a summary of the data observed on 
this patient. It will be noted that both prostigmine and physostigmine 
increased muscular fasciculations, but that prostigmine had considerably 
more effect on skeletal muscles and less effect on other organs than had 
physostigmine. These differences occurred even when the drugs were 
given in amounts that decreased the choline esterase activity of the serum 
to similar levels. Significant increase in muscular fasciculations accom- 
panied only slight changes in esterase activity after prostigmine had been 
given, whereas similar changes in esterase activity induced by physo- 
stigmine were without effect on the fasciculations. Similar investigations 
made on 4 other patients with muscular atrophy subsequent to disease of 
tbe spinal cord gave tbe same results. Moreover, prostigmine produced 
fasciculations in muscles in which no adventitious movements previously 
had been observed. For example, numerous fasciculations were 

Effect of Prostigmine Methylsulfatc and Physostigmine Snifate on 
Muscular Fasciculations 


Serum Esterase Activity, Units 

- * 

Resting Level LevelAfterDrug 

Muscular 

E fleets ♦ 

Side 

Effects t 

Drug, Mg. 


3.02 

2.60 

+++ 

— 

Prostigmine methyl sulfate, 

0.5 

2.91 

1.95 

+ + + + 


Prostigmine methyl sulfate. 

1.0 

3.01 

2.27 

— 


Physostigmine sulfate, 0.6 


2.93 

1.98 

+ 

+ + + 

Physostigmine sulfate 1.2 



* Increase in fasciculations. 

t Dizziness, sweating, nausea and abdominal cramps. 


regularly produced in the face and tongue by prostigmine, although these 
were never seen when the patient had not been given the drug. 

Physostigmine often induced side effects even in doses that had 
little effect on fasciculations. The administration of prostigmine was 
followed by side effects only when large doses were given and consider- 
able increase in fasciculations was produced. The side effects of either 
drug were abolished readily by atropine. On the other hand, the effect 
on fasciculations appeared to be uninfluenced by atropine. Furthermore, 
atropine was without effect on the spontaneous adventitious movements. 
Langley and Kato,- in their studies on denervated muscle, expressed 
the belief that physostigmine had both a central and a peripheral action 
and that atropine opposed the former but did not affect the latter. 
Russel, Odom and McEachern ‘ found atropine to be without influence 
either on the fasciculations produced by prostigmine in animals or on 
the effect of prostigmine on fasciculations occurring in patients with 

7. Russel, C. K. ; Odom, G., and McEachern, D.: Physiological and Chemical 
Studies of Neuromuscular Disorders, Tr. Am. Neurol. A. 64:120-124, 1938. 
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progressive muscular atrophy. Denny-Brown and Pennybacker “ 
expressed the opinion that fasciculations in progressive muscular atrophy 
may be the result of intermittent discharges from the diseased motor 
neurons. Plowever, the peripheral origin of fasciculations in this disease 
is suggested by their persistence after spinal anesthesia ^ or blocking of 
the peripheral nerve by procaine.” It appears that the two views can be 
reconciled by the formulation that the slowly degenerating muscle fibers 
are abnormally sensitive to stimulation and that the involuntary impulses 
increase the fasciculations. Increased sensitivity of the muscles in pro- 
gressive muscular atrophy is shown by the observation recorded here, 
namely, that amounts of prostigmine that are without effect in normal 
subjects can induce fasciculations in muscles in which no adventitious 
movements had previously been seen. These effects of prostigmine and 
physostigmine on fasciculations cannot be explained entirely by the 
inhibitory effect on the choline esterase activity. The situation is 
analogous to that seen in cases of myasthenia gravis, in which prostig- 
mine has greater muscular effects than has physostigmine even when the 
changes in choline esterase activit)^ induced by the two drugs are 
similar.^” It is likely that the effects of the drugs on fasciculations in 
progressive muscular atrophy and on muscular function in myasthenia 
gravis are due partly to their antiesterase action and partly to direct 
action on the muscle. 

METABOLISM OF ASCORBIC ACID 

The urinary output of ascorbic acid was determined daily for two 
months. During a period in which the patient was given a creatinine- 
creatine-free diet containing about 50 mg. of the vitamin the average 
daily excretion was 26 mg. The addition of 500 mg. of crystalline 
ascorbic acid to the diet increased the output to around 115 mg. On 
days when 500 mg. of the vitamin was given subcutaneously in place 
of a dietary supplement of similar amounts the output was unchanged. 
An increase in the dietary supplements of ascorbic acid to 700 mg. (500 
ing. of ci'ystalline ascorbic acid and 200 mg. in tomato juice) induced 
only a slight rise in the daily output, namely to a level of 130 mg. The 
amounts of the vitamin in the urine represented only 16 per cent of the 

8. Grand, G. : Ueber Bewegungsvorgange dcs mcnschlichen quergestreiften 
us els, die yon der motorischen Vorderhornganglienzelle unabhangig sind. Beitrag 

zur athologie rheumatischer Krankheitszustande, Deutsche med. Wchnschr. 64: 

4 8, 1938 ; ^ Ueber die Entstehung der fibrillaren Muskelzuckungen bei spinalen 
Amyotrophien, Deutsche Ztschr. f. Nervenh. 145:99-109, 1937. 

9. de Jong, H., and Simons, D. J. : A Comparative Study of Fibrillation and 
remor, J. A. At. A. 118:702-705 (Feb. 28) 1942. Russel, Odom and AIcEachern." 

10. Milhorat, A. T. : Studies in Diseases of Atuscle: X. Prostigmine and 
lysostigmine in the Treatment of At 3 'asthenia Gravis, Arch. Neurol. & Psychiat. 
46:800-834 (Nov.) 1941. 
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amount ingested. On days when a total of 825 mg. of ascorbic acid was 
given (200 mg. subcutaneously, 500 mg. orally and 125 mg. in tomato 
juice) an average of 150 mg. was excreted (17 per cent). During the 
period when the 500 mg. of the vitamin was given daily the amount of 
ascorbic acid in the plasma was 0.5 mg. per hundred cubic centimeters 
(normal values are from 0.7 to 1.4 mg.) ; when 700 mg. was given the 
amount in the plasma was 0.9 mg. per hundred cubic centimeters. 

The urinary excretion of ascorbic acid was studied in 7 other 
patients to whom large doses of the vitamin were given. Three patients 
with progressive muscular dystrophy, 1 patient with Friedreich’s disease 
and 1 subject with limited muscular wasting subsequent to an acute 
attack of anterior poliomyelitis fifteen years previously, who were given 
from 400 to 500 mg. of ascorbic acid daily for periods of several weeks, 
excreted from 60 to 90 per cent of the A’itamin. When similar amounts 
of the vitamin were given to another patient with extensive muscular 
wasting due to chronic progressive anterior poliomyelitis and 1 patient 
with dermatomyositis and severe Raynaud’s syndrome, only ' about 20 
per cent of the administered dose was excreted. 

The data make it improbable that the low urinary output can be 
ascribed to abnormal absorption from the intestine, impaired function 
of the kidneys or previous deficiency of the vitamin. The excretion was 
unchanged by parenteral administration of the vitamin; tests of renal 
function were normal, and the output did not increase even after a 
period of two months, during which at least 500 mg. of ascorbic acid 
was given daily. It is of interest that the other patient with progressive 
muscular atrophy subsequent to disease of the anterior horn cells like- 
wise excreted small amounts of the vitamin while receiving a large 
amount. The third patient showing a low urinary output had extensive 
muscular involvement with severe Raynaud’s disease. The factors 
determining the low urinary output of ascorbic acid of these 3 patients 
are not known. The excretion of the vitamin by the other 5 patients in 
this series was similar to that observed by Stoiwick and Hauck for 
normal subjects receiving large amounts of ascorbic acid. 

The low excretion of ascorbic acid bj^ the 3 patients was unexpected, 
since the original objective of the study was the effect of the vitamin on® 
creatinuria. Hirata and Suzuki reported diminution in the output 
of creatine in cases of progressive muscular dystrophy when amounts 
of from 200 to 500 mg. of ascorbic acid were administered daily for 
periods of about two weeks. However, in all 8 patients in the present 

11. Storvick, C. A., and Hauck, H. M. ; Effect of Controlled Ascorbic Acid 
Ingestion upon Urinary Excretion and Plasma Concentration of Ascorbic Acid in 
Normal Adults, J. Nutrition 23:111-123, 1942. 

12. Hirata, Y., and Suzuki, K. : A New Information Concerning Progressive 
Aluscular Atrophy and Vitamin-C, Orient. J. Dis. Infants 18:83, 1935; Dystrophia 
Musculorum Progressiva und Vitamin C, Klin. Wchnschr. 16:1019, 1937. 
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series ascorbic acid was -without effect on the daily excretion of creatine 
and creatinine. It is difficult to explain the results of Hirata and Suzuki, 
hut it appears that other factors still unrecognized may have played a 
significant role in their investigations. Thus, Milhorat, Weber and 
Toscani “ observed a definite decrease in the excretion of creatine in 2 
patients with dermatomyositis when large amounts of wheat germ and 
ascorbic acid were given, whereas ascorbic acid alone was without effect. 
Similar results were observed b}' Milhorat and Toscani in a patient 
with progressWe muscular dystrophy. Whether the patients of Hirata 
and Suzuki suffered from previous deficiency of ascorbic acid or 
whether substances similar to those present in wheat germ unknowingly 
were given together with the vitamin cannot be stated at this time. 
While ascorbic acid appears to be without value in the treatment of the 
muscular diseases,^® there is evidence that the metabolism of the vitamin 
is related significantly to that of creatine (Milhorat, Hardy, Bartels and 
Toscani ^°). 

SUMMARY 

Tlie case histor}^ of an adult with progressive muscular atrophy is 
presented. The features were typical of chronic anterior poliomyelitis, 
with the unusual feature of onset of disability in infancy, 

Prostigmine and physostigmine increased the fasciculations in this 
patient and in other subjects with progressive muscular atrophy. Pro- 
stigmine had greater effects on fasciculations than had physostigmine 
even when the inhibitory effect on choline esterase activity of the serum 
was the same. It is postulated that the effect on fasciculations is due 
only partly to the antiesterase activity of the drugs and that these drugs 
have a direct action on skeletal muscle. In addition to increasing fascicu- 
lations in areas where they already are active, prostigmine and physo- 
stigmine may induce fasciculations in areas previously free of them, even 
when the drugs are given in doses that are without effect in normal 
subjects. 

Two patients with progressive muscular atrophy who received large 
amounts of ascorbic acid excreted in the urine an abnormally low per- 
centage of the administered vitamin. 

525 East Sixty-Eighth Street. 

13. Milhorat, A. T. ; Weber, F. C, and Toscani, V.: Metabolic Studies in 
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Grund ^ and later Shelden and Woltman - found that the intrathecal 
injection of procaine in an amount sufficient to produce complete motor 
paralysis of the legs did not abolish the muscular fibrillations in patients 
with amyotrophic lateral sclerosis. These experiments were interpreted 
as showing that the impulses causing these fibrillations did not arise from 
the cell bodies of the motor neurons of the ventral horn. Each of these 
investigations consisted of but 1 experiment; the nature of the muscular 
twitchings was not controlled b}^ electrical recordings, and no further 
attempt was made to locate the source of the impulses causing the fibril- 
lations. For these reasons the present study was undertaken. 

PROCEDURE 

Three patients with typical and advanced amyotrophic lateral sclerosis and 2 
others with progressive muscular atrophy with muscular fibrillation ® were util- 
ized in this study. Three of the patients exhibited many and 2 relatively infre- 
quent muscular fibrillations at the time they were studied. 

The muscular fibrillations were observed clinically, and their action potentials 
were picked up by microelectrodes, amplified by a Grass condenser-coupled ampli- 
fier and recorded by ink writers. 

To produce paralysis of individual or groups of muscles, a 1 or 2 per cent 
solution of procaine hydrochloride was injected directly into the nerve supply, or 
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200 niR. of procaine liyclrochloridc crystals dissolved in 2 cc. of s])inal fluid was 
injected jntrathccally. In 2 instances the dcRrec of paralysis was checked by 
stimulating the nerve above the point of procainization with a faradic current 
furnished by a Harvard inductoriuin. Currents as strong as the patient could 
tolerate did not produce a rcsiionse in the muscle at a lime when paralysis of 
voluntary effort was complete. 

Kl'.sri.TS 

A. Spinal .'lucsHicsia . — Spinal ancsllicsia was produced in 2 patients. 
In 1 of these patients fibrillations, which were numerous in most of the 
muscles of the lower extremities before anesthesia appeared to be greatly 
reduced in number. In the figure. 7 is a control record from the medial 
portion of the rectus femoris muscle just above the knee; 2 was taken 
from the same muscle and 3_, from the jieroneus longus muscle after 
spinal anesthesia had jiroduced complete paralysis of the lower extremi- 
ties. These records indicate that the spinal anesthesia had reduced 
fibrillations 50 to 65 per cent quantitatively, the nature of their action 
potentials remaining essentially unchanged. In a second patient com- 
plete motor paralysis was jiroduccd in the same way, with similar results. 

B. Peroneal (Anterior Tibial) Ner7’c . — In 5 experiments (3 patients) 
procaine was injected at the point where the nerve passes lateral to the 
fibula. The injection was followed by complete paralysis of the dorsal 
flexor muscles of the foot in each patient. In 1 of these patients (2 
experiments) the fibrillations, which were numerous, were completely 
abolished by this procedure. In the other 2 patients (3 experiments) the 
fibrillations, which were infrequent during the control period, were but 
slightly decreased in number. In 1 of the latter 2 patients fibrillations 
were abolished subsequently by injecting procaine directly into the 
muscle in a line about 4 cm. above the recording electrode. In the other 
patient it was necessary to inject procaine into the muscle 2 cm. above 
the recording electrode to produce a pronounced reduction in fibrillations, 
and only after the procaine had been injected directly into the fibrillating 
muscle were the twitchings abolished. Tracing 4 is a control record from 
the anterior tibial muscle in the first of the latter 2 patients. Tracing 5 
was recorded from the same muscle after foot drop was produced by 
injection into the peroneal nerve at the fibula. Immediately after this 
procaine was injected into the muscle about 4 cm. above the electrode, 
after which no action potentials were recorded. 

C. Ulnar Nerve . — Procaine was injected into the ulnar nerve at the 
elbow, with the production of complete paralysis of the hypothenar 
muscles in 3 experiments (1 patient). This procedure reduced the 
number of visible fibrillations, but did not abolish them entirely. In 
each of these experiments subsequent injection into the ulnar nerve at 
the wrist abolished all visible fibrillations. Tracing 6 is a record of the 
action potentials produced by fibrillary twitchings in the hypothenar 
muscles during the control period. Tracing 7 shows a burst of similar 
potentials after injection into the ulnar nerve at the elbow. Occasionally 
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much smaller action potentials, not accompanied by visible muscular 
fibrillations, were observed after this injection. These are shown in 5, 
three much larger potentials accompanied by visible fibrillations being 
indicated by arrows. After injection into the ulnar nerve at the wrist 
occasional bursts of the very small action potentials not accompanied by 
visible fibrillations were still seen (tracing P), both spontaneously and 
after manipulation of the little finger. 

D. General Obsei-vations . — Stretching and then relaxing a muscle 
frequently produced bursts of fibrillations. Also any body movement, for 


Figures 

I 
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In this figure, 1, 2 and 3 are records of action potentials produced by fibrillating 
muscle bundles in the lower extremities before (I) and after (2 and 3) spinal 
anesthesia. The paper speed was 6 cm. per second. 

Tracings 4 and 5 are records of action potentials produced by fibrillating muscle 
bundles in the anterior tibial muscle before (4) and after (5) the injection of 
procaine hydrochloride into the peroneal nerve lateral to the fibula. The paper 
speed was 3 cm. per second. 

Tracings 6, 7, 8 and 9 are records of action potentials produced by fibrillating 
muscle bundles in the hypothenar muscles before (6) and after (2 and S') injection 
of procaine hydrochloride into the ulnar nerve at the elbow and at the wrist (9). 
The paper speed was 6 cm. per second. 

example, hyperventilation or Avaving the arms, increased or brought out 
fibrillations in muscles being studied even though they remained at rest. 
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For these reasons great care was necessary to insure that the conditions 
under which the action potentials were studied varied as little as possible. 
Prostigmine methylsulfate injected subcutaneously appeared to increase 
the number of fibrillations. After procainization of the nerve supply to 
the muscle prostigmine did not cause the fibrillations to reappear. 

COMMENT 

In the discussion which follows it is assumed that the injection of 
procaine into a peripheral nerve, as performed in these experiments, 
blocks completely the passage of stimuli in the motor nerve fiber. 

Apparently, in patients Avith amyotrophic lateral sclerosis, the stimuli 
winch cause the muscular fasciculations can have their origin in a 
peripheral nerve fiber independent of its cell body. Probably the cell body 
can also originate these stimuli, since in- 2 patients the fibrillations, 
Avhich Avere many, Avere reduced approximately 50 per cent by spinal 
anesthesia. HoAveA^er, the stimuli causing them may have arisen from 
the peripheral nerve process adjacent to the cell body, rather than from 
the cell body itself. In 2 other patients Avith relatively few fibrillations 
nearly all of these stimuli appeared to arise from the distal part of the 
peripheral nerve process, since blocking the nerve Avith procaine a feAv 
centimeters above its termination only slightly altered the fibrillations 
(figure, 4 and 5). 

In another study ® it was suggested that the presence of many fibril- 
lations in a patient Avith amyotrophic lateral sclerosis indicated rapidly 
progressive, and feAV fibrillations sloAvly progressive, amyotrophy. 
According to our studies, in cases of the rapidly progressive type a large 
part of the neuron, especially its distal portion, appears to be affected, 
Avhereas in cases of the latter, or sloAvly progressiA^e, type the disturbance 
appears to be limited to or especially marked near the termination of the 
nerve fiber. This indicates that the functional impairment in the lower 
motor neuron in these cases deA^elops near its termination first and 
progresses Sentralward. Perhaps the ultimate degeneration is of the 
same type as that seen with thiamine deficiency.* Pathologic ^ and 
clinical^ studies. suggest that the degeneration in the pyramidal tracts is 
also retrograde in patients with amyotrophic lateral sclerosis. 

The nature of the change in the peripheral nerves which provokes 
these uncontrollable stimuli is not clear. There seems to be an element 
of increased irritability, AAdiich is supported by the presence of a definitely 

4. SAvank, R. L. : Avian Thiamin D^ciency : A Correlation of the Pathology 
and Clinical Behavior, J. Exper. Med. 71:683, 1940. SAvank, R. L,, and Prados, 
M. : Avian Thiamine Deficiency ; II. Pathologic Changes in the Brain and Cranial 
Nerves (Especially the Vestibular) and Their Relation to the Clinical Behavior, 
Arch. Neurol. & Psychiat. 47:97 (Jan.) 1942. 

5. Davison, C. : Amyotrophic Lateral Sclerosis: Origin and Extent of the 
Upper Motor Neuron Lesion, Arch. Neurol. & Psychiat. 46:1039 (Dec.) 1941. 
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lowered chronaxia early in the disease.® Many of the observations of 
Denny-Brown and Pennybacker ‘ suggest the same origin. Perhaps 
“spilling over” of some substance which normally gives rise to these 
stimuli or products of abnormal metabolism in the neuron are capable of 
provoking them. 

Although the number of action potentials was reduced, their ampli- 
tude was not notably changed b}’ spinal anesthesia. However, in 2 
experiments in which the ulnar nerve was blocked at the elljow and wrist, 
and in 1 instance in which the peroneal nerve was blocked at the fibula, 
many low amplitude potentials, not accompanied by visible fibrillations, 
appeared in the record (figure, 8 and P). It is possible that these low 
amplitude potentials were produced by contracting muscle groups at 
some distance from the electrode, although this seems unlikely, as 
they were not present before anesthesia. An alternative explanation is 
suggested by the fact that a single motor nerve fiber must bifurcate 
many times before its termination in order to innervate as many as one 
hundred and sixty-five muscle fibers,® tbe motor neuron unit. It is 
known that many of these bifurcations occur in tbe peripheral nerve.® 
Stimuli arising independently in a subdivision of the main nerve fiber 
could cause a part of the motor neuron unit to contract and produce 
the smaller action potentials. The nerve block central to this point would 
prevent a motor unit response from a stimulus originating proximally or 
spread of the stimulus to the entire unit. The weakness of the con- 
traction would prevent it from being visible through the skin. 

CONCLUSIONS 

The stimuli provoking fascicular twitchings which appear in the 
muscles of patients with amyotrophic lateral sclerosis appear to be 
derived mainly from peripheral motor nerve fibers. In patients with 
numerous fibrillations these stimuli seem to arise from the entire nerve 
process and probably also to a less extent from the cell body. In other 
patients, with few fibrillations, the stimuli appear to arise almost entirely 
from near or at the termination of the nerve fibers. 

Fifth General Hospital, United States Army, A. P. O. 1001, care of Post- 
master. 
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In spite of the clear differentiation between various heredofamilial 
neurologic syndromes, many instances of transitional forms have been 
described from both the clinical and the pathologic viewpoint, particularly 
among the syndromes of Friedreich’s ataxia, Marie’s heredocerebellar 
ataxia, Charcot-Marie-Tooth peroneal muscular atrophy, hereditary 
spastic paralysis and Leber’s hereditary optic nerve atrophy. This 
report concerns a disease occurring in 3 siblings which does not easily 
fall under any previously described disease entity. Clinically the con- 
dition in 1 case resembled infantile progressive spinal atrophy (Werdnig- 
Hoffmann disease). Histopathologically it was related to amaurotic 
family idiocy (Tay-Sachs disease) but presented changes that are also 
seen in other, supposedly unrelated, forms of heredofamilial disorder. 

REPORT OF CASES 

The 3 cases occurred in a family in which no previous nervous disorder was 
known. Both parents were born in Ireland, of Irish stock. During the course 
of twenty years the mother had been pregnant fourteen times, eleven of the preg- 
nancies terminating in full term deliveries and three in miscarriages. Three of 
the eleven children, the fourth, seventh and eleventh (fig. 1), were afflicted with 
the disease. All of the others are living and well except the second, who died 
at the age of 6 weeks of “inflammation of the bowel.” The report of the first 
case was obtained from the University of California Hospital; the second, from 
the Children’s Hospital of Oakland, Calif., and the third case was studied in the 
department of pediatrics of the Stanford University School of Medicine. 

Fellow of the Rockefeller Foundation. 

From the Neurological Institute of New York, the Department of Neurology 
of Columbia University College of Physicians and Surgeons and the Division of 
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Case 1. — ^The child, a boy, was delivered normally. After a gastrointestinal 
upset at the age of 6 months, he was said not to be “as active as other children 
of his age.” Otherwise, as far as can be ascertained, his development was normal 
until he was 17 months old, when his neck was noted to be weak. After an 
attack of bronchitis, at the age of 19 months, he rapidly became weaker and 
was unable to hold up his head or bear his weight on his legs. He lost the 
ability to use the few words that he previously had learned and had difficulty in 
swallowing. He seemed able to recognize his parents. Physical examination at 
the age of 20 months revealed that the child was fairly well developed; nothing 
abnormal was noted except in the neurologic examination. Convergent strabismus 
of both eyes was present; the optic disks were somewhat pale, perhaps indicating 
incipient optic nerve atrophy. The pupils reacted to light. The radial, knee and 
ankle jerks were all elicitable. No pathologic refle.xcs were noted. The super- 
ficial reflexes were not obtained. The child was rated an imbecile in an intelli- 
gence test. He died at the age of 24 months, probably of bronchopneumonia. 

Case 2. — This child, a girl, was born three years after the first patient. She 
was seen at regular intervals in an outpatient clinic and by visiting nurses and 
was regarded as normal during the first year of life. Her only illnesses were 



Fig. 1. — Familial distribution of cases. Offspring are shown in the order of 
birth. The black circles indicate affected offspring; the hollow circles, healthy 
children. 

attacks of measles and pertussis. At the age of 13 months a visiting nurse 
remarked that the child seemed in good condition except that she could not yet 
stand and “seemed too heavy for her feet.” A month later the clinic physician 
made the following note : “The baby appears well nourished. Examination reveals 
essentially nothing of significance except for retarded physical development. She 
is probably normal mentally.” At the age of 15 months she was able to sit up 
for an hour at a time but still was unable to stand by herself. At 20 months 
there appeared attacks of cyanosis, labored respiration and “spasms.” Her intel- 
ligence was regarded as below that of the other members of the family at this 
age. Physical examination at 21 months of age showed the child to be well 
nourished and able to sit up for short periods. Strabismus was present ; the pupils 
reacted well to light. The musculature seemed soft and flabby. The patellar, 
biceps and superficial abdominal reflexes were not obtained. The \Vassermann 
reaction of the blood was negative. The only remarkable laboratory observation 
was a leukocyte count of 32,600 (polymorphonuclear leukocytes, 84 per cent; 
lymphocytes, 16 per cent). During the next four months the child became unable 
to move either her arms or her legs, and the “spasms” continued. She died of 
bronchopneumonia at the age of 24 months. 
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Case 3.— This child, a girl, was born ten years after the patient in the pre- 
ceding case. The mother felt the child was “not right” from the age of 7 months ; 
the clinic physicians, however, could detect nothing remarkable at this time. At 
the age of 13 months it was believed that her physical development was retarded. 
The psychologist’s report on a mental rating stated: “The child is slightly 
retarded. She is 14 months old and does the things expected of a child 1 year 
old and probably some more, but the examiner was strange and so could not get 
the most from her.” At the age of 16 months, although able to crawl, she could 
not walk.. During the following four months the child’s condition became pro- 
gressively worse. She lost the ability to crawl and remained in a supine position 
almost constantly. She did, however, reach for objects and play with things in 
her hands. She was able to flex her legs on her abdomen but seemed perfectly 
limp when placed on her feet. She was also observed to have a number of attacks, 
each lasting a few seconds, in which she became quiet, her pupils dilated and her 
face was “fixed, with a dull, staring look in her eye’s.” There was no motor 
seizure. She began to have difficulty in swallowing at the age of 19 months and 
became unable to speak. Three days before her death she often seemed fairly 
observant, while at other times she appeared to be unaware of her surroundings. 
She cried only with great effort and then produced but little noise. Physical 
examination at this time revealed the following condition : Right internal stra- 
bismus was present; the pupils reacted to light and in accommodation. The liver 
and spleen were not palpable. There was pronounced lumbar kyphosis. The 
extremities seemed completely relaxed, and the musculature was weak and flabby. 
She was able to hold objects in her hands, raise her arms up to her abdomen and 
move her toes slightly. There was flaccid paralysis of all other movements of 
the extremities. The knee jerks, although present, were difficult to elicit. The 
superficial abdominal reflexes were absent. Some fibrillations Vvere noted in the 
muscles of the feet. Examination of the blood and urine revealed nothing of 
importance. She died at the age of 23 months; shortly before death she experi- 
enced difficulty in breathing, and her temperature rose to 42 C. (107.6 F.). 

In all 3 cases the onset was first noted at about the first birthday, 
and death resulted near the second. A flaccid type of paralysis, involving 
especially the trunk and the proximal portions of the extremities, was 
present ; the lower extremities appeared to be more seriously involved 
than the upper. The tendon reflexes were active in the first case, absent 
in the second and sluggish in the third. The musculature was flabby, 
in all 3 cases, but no definite atrophy was detected. Fibrillations in the 
feet were noted in the third case. Mental impairment probably existed, 
though in varying degrees, in all the cases. This - was an outspoken 
manifestation, however, onl)'^ in case 1 (in which the child was rated as 
an imbecile). Seizures were observed in the second and third cases. 
Blindness was not apparent in any of the cases, although a possible 
beginning optic nerve atrophy was observed in the first. In case 3 the 
child was able to grasp for objects shortly before death. Strabismus 
was noted in each case. 

The clinical diagnosis in these cases was difficult. The signs and 
symptoms, however, approached those of infantile amaurotic family 
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idiocy (Tay-Sachs disease), as well as those of infantile progressive 
muscular atrophy (Werdnig-Hoffmann disease), both familial disorders 
with an invariably fatal outcome. In no case was the cherry red spot 
characteristic of the former disease observed in the macula. In other 
respects the first case resembled Tay-Sachs disease : progressive paral}'- 
sis with retention of tendon reflexes, mental deterioration and questiona- 
ble beginning optic nerve atroph)^ In the second and third cases no 
pronounced degree of mental impairment and no abnormal visual signs, 
except strabismus, were noted. Seizures, observed in both these cases, 
have been reported in association with Ta)f-Sachs disease. In spite of 
this, however, these cases were thought to be instances of infantile 
progressive muscular atrophy, inasmuch as the outstanding difficulty 
was flaccid paralysis with absent or sluggish tendon jerks. While 
atroph)'^ was impossible to detect because of the abundant layer of sub- 
cutaneous fat, fibrillations and diminished reaction to faradic current 
were observed in 1 of the cases. 

Postmortem Examination in Case 3 . — Gross Description: The musculature 
of the back and abdomen appeared to be poorly developed, the latter being cov- 
ered by a 2 cm. laj'er of subcutaneous fat. Under a similar thick layer of fat 
in the region of the calves, the muscles were severely atrophied. Aside from 
congestion in both lungs, nothing remarkable was noted in the viscera. Macro- 
scopic examination of the nervous system revealed nothing abnormal except for 
the small size of the cerebellum. 

Microscopic Examination of the Nervous System : The following staining 
methods were employed: hematoxj'lin and eosin, phosphotungstic acid hematoxylin, 
cresyl violet, nile blue, scarlet red, Schaffer’s modification of the Pal-Weigert 
technic and the methods of Bielschowsky, Mallory, Cajal and Kanzler. 

Spinal Cord: The cellular changes (fig. 2) were similar at all levels of the 
cord. These changes were noted in all the cell columns but were especially notice- 
able in the nucleus dorsalis (Clarke’s column) and in the cells of the posterior 
horn. Many of the cells were swollen. Some of the cell bodies had become 
rounded or pear shaped, while others retained a nearly normal form. Some 
appeared to be round and homogeneous, staining deeply with a variety of methods. 
The Nissl substance had disappeared completely in some cells and partially in 
others; in still other cells, especially those of the anterior horn, it seemed to be 
normal. In sections stained by the Bielschowsky method, the neurofibrils, while 
appearing to be distributed normally in some cells, were often pushed to the 
periphery and replaced by a granular cytoplasm, or a network of thick fibrils 
was seen inside the cell body. With the myelin stain many of the cells were 
observed to contain hematoxylinophilic granules (prelipoids). No neutral fat was 
present in the ganglion cells. The nuclei tended to be least affected. Some were 
located in the central portion of the cell body; however, in many of the seriously 
involved cells the nucleus was displaced to the periphery or pushed into the base 
of the swollen dendrite or had completely disappeared. Numerous cells were 
devoid of processes. In others, however, an irregular swelling of the process was 
seen, similar to the swelling of the cell. Some of the cells were indistinguish- 
able from the type seen in axonal degeneration. Frequent shadow cells were 
scattered throughout the nuclear masses. Shrunken pyknotic cells were also 
observed. 




Fig. 2. — Cellular alterations in the spinal cord and medulla. A, large, rounded, 
amorphic cells in the posterior horn ; cresjd violet stain. High power view in 
inset, stained b}" Bielschowsky method. B, mulberrj’^ bod 3 % shadow cell, emptj' 
cell space and shrunken pj'knotic cell in the medulla; Bielschowskj* stain. C, 
pear-shaped cells in the anterior horn; Bielschowsky stain. D, swollen dendrite, 
pyknotic cells and bloated glia cell in the anterior horn; cresjd violet stain. E, 
cell showing axonal reaction and shadow cell ; cresjd violet stain. 
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The small oval area of Flechsig, composed of descending fibers, was the only 
afferent pathway involved below the thoracic region. 

An increase in number of all types of glia cells was noted throughout the 
cord and was most evident in the posterior horn and in the area of the lateral 



Fig. 3. — Demyelination in the lateral and ventral corticospinal tracts and in 
the posterior funiculus. In the cervical region {A) the demyelination of the pos- 
terior funiculus is most evident in the fasciculus gracilis, and in the .thoracic 
region (B), in the area corresponding to the middle root zone of Flechsig. 
Myelin sheath stain. 


corticospinal tract (fig. 4). Many swollen astrocytes and fat-laden gitter cells 
were seen. 




Fig. 4. — Astrocytic gliosis in the spinal cord. A, increase in number and size 
of astrocytes in the posterior horn. B, low power view, showing gliosis in the 
lateral corticospinal tract (/. c. s.) and absence of gliosis in the dorsal spinocere- 
bellar tract (d. c.). C, monster astrocytes in the lateral corticospinal tract. 

Cajal gold chloride-mercury bichloride slain. 
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Medulla, pons and midbrain: The great majority of the ganglion cells in 
these structures were involved, the changes resembling those in the spinal cord. 
Swollen, distorted cells were seen in all nuclear groups, though the cells of the 
inferior olivary nucleus and the substantia nigra were somewhat less affected than 
most of the others. So-called mulberry bodies were seen throughout the medulla 
and pons. Numerous round, homogeneous cells with absence of nuclei, similar 
to those in the spinal cord, were observed; ghost cells and emptj’ cell spaces were 
also present (fig. 2B). Satellitosis was seen frequently, although neuronophagia 
was difficult to find. The restiform body, the brachium ponds and the brachium 
conjunctivum appeared normal. 

Basal ganglia and diencephalon : As a whole these portions of the nervous 
system were the least disturbed. In the thalamus, globus pallidus and putamen 
only an occasional cell was involved. The cells of the caudate nucleus, however, 
seemed to be more disturbed. Practically all of the cells in the periventricular 
nuclei appeared to be normal. The internal capsule was undergoing degenerative 
changes; a notable increase in glial elements and the presence of considerable 
neutral fat in sections stained with scarlet red were noted. No mulberry bodies 
were observed in this entire region. 

Cerebellum: All the folia of the cerebellum (fig. 5) appeared to be reduced 
in size. Sections from the lingula, culmen, central lobule, folium, uvula and nodule 
of the vermis and the quadrangular lobe, inferior semilunar lobule and tonsil of 
the hemisphere were similar in appearance. Disappearance of most of the Pur- 
kinje cells was striking. Only a few of these cells remained in each folium, and 
all of them were damaged. These remaining cells often assumed a bizarre appear- 
ance; their Nissl substance had disappeared, the cell body was cither swollen or 
pyknotic, and their dendrites were irregularly enlarged. Neurofibrils were diffi- 
cult to recognize in the cell bod}-^ with the Bielschowsky stain, though they were 
seen in the swollen dendrites. In the absence of the Purkinje cells, the layer of 
glia cells (Bergmann’s glia) between the granular and the molecular la^'er had 
increased in size (forming the so-called sheath of Lannois-Paviot). The basket 
cells and their tangential fibers and pericellular baskets were decreased in number, 
although those present frequently appeared normal. Pericellular baskets were 
occasionally seen surrounding empty spaces formerly occupied by Purkinje cells. 
The granule cells were moderately diminished in number, particularly in the 
external portion of the layer; the cells, however, appeared normal. The granular 
layer and the white lamina contained numerous fibrous astrocytes, many being 
swollen and multinucleated. While the cells of the dentate nucleus seemed to 
be normal in number, some were involved in the degenerative process. 

Cerebral cortex : In general, alterations in cortical structure were not as marked 
as those in the spinal cord, brain stem and cerebellum. The most severe changes 
were in the motor area. The general architecture of the cellular laminas was 
always recognizable. The molecular layer appeared to be more dense than normal. 
The layer of small pyramidal cells (lamina granularis externa) seemed intact. 
In the motor area the layer of medium-sized pyramidal cells (III) was poorly 
developed, and a patchy disappearance of ganglion cells was noted. This was 
also true of the deeper layers. In the fifth layer no giant pyramidal cells could 
be detected. The cytoarchitecture of the temporal isocortex was affected to a 
lesser extent, disappearance of cells in the third layer being infrequent and the 
deeper layers relatively unimpaired. In the occipital lobe the layer of small 
pyramidal cells (II) and the layer of large pyramidal cells (IV a) were better 
developed than the others. Few abnormalities were noted in the cornu ammonis. 
However, cellular alterations of varying degrees were present in all portions of 
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the cortex that were examined. The normal contour of the cell was usuallj^ 
retained, even though some swelling was observed; only rarely were balloon- 
shaped or pear-shaped cells seen. The axis-cylinders were usually intact. Gliosis 



Fig. 5. — Sections of the cerebellum. A, low power view, showing small folia 
and diminution in the number of Purkinje cells (eleven of their cell bodies maj"^ 
be counted) ; cres 3 d violet stain. B and C, abnormal-appearing Purkinje cells, 
with irregular swelling of antler-like dendrites, and a pericellular basket in C; 
Bielschowskj' stain. D, proliferation of Bergmann’s glia, replacing the Purkinje 
cells, and rarefaction of granule cells near the molecular laj'er; phosphotungstic 
acid hematoxj’lin stain. 
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was present throughout the cortex and, to an even greater extent, tlie subcortical 
white matter. Regressive changes in the microglia and oligodendroglia were 
pronounced. Neuronophagia was seen more frequently in the corte-x than else- 
where, leaving a residuum of partially destroyed cells and shadow forms. 

Meninges : Slight cellular proliferation was noted in the pia-arachnoid, espe- 
cially over the cerebellum. The cells consisted of fibroblasts, lymphocytes and 
wandering histiocytes. Some contained lipoidal granules ; some were degenerating. 
A few compound granular cells were also seen. 

Blood vessels : Most of the blood vessels were normal in appearance. How- 
ever, in regions of marked parenchymatous change the blood vessel walls were 
frequently afifected, especially the outer portions. In some the adventitial struc- 
tures were almost completely destroyed, except for scattered connective tissue 
fibers and swollen fibroblasts containing lipoidal granules. The muscle cells were 
sometimes swollen, but the endothelium was usually normal. 

Microscopic Appearance of Other Organs : Small bundles of atrophic fibers 
with some proliferation of the nuclei were seen in sections of voluntar}' muscle. 
The heart muscle showed pronounced signs of degeneration; atrophy, swelling and 
vacuolation were present. The lungs were congested and edematous. Marked 
swelling and degeneration of cells in the malpighian corpuscles of the spleen were 
observed. Numerous wandering histiocytes were present in the thymus. With 
the scarlet red stain neutral fat appeared in some of the Kupffer cells of the 
liver and the epithelial cells of the convoluted tubules of the kidney. With the 
Schaffer modification of the Pal-Weigert stain hcmato.xylinophilic granules (pre- 
lipoids) could be seen in many of the visceral organs, including the swollen cells 
of the malpighian corpuscles of the spleen (fig. 6 A), the septal cells of the lung, 
the Kupffer cells of the liver, the muscle fibers of the heart (fig. 6B) and all the 
cellular elements of the thymus. No “foam cells” were observed. 

Alterations in structure were noted throughout the entire central 
nervous system. These changes 'tyere greatest in the spinal cord, brain 
stem and cerebellum. They w'ere least conspicuous in the basal ganglia 
and diencephalon. The cells and their processes, the glia and the myelin 
of some ascending and descending pathways were afifected. 

In the spinal cord, the nuclei of the posterior hoi*n and the nucleus 
dorsalis were especially disturbed. The cerebellum was reduced in size. 
Most of the Purkinje cells were missing, and the few that remained 
were damaged. Bergmann’s layer of glia was augmented in size. The 
granule cells were rarefied, and cell-free patches were noted near the 
molecular layer. The deeper layers of the cerebral cortex tended to 
be more involved than the others. The damage was greatestdn the motor 
area, where the layer of giant pyramidal cells appeared to be absent. 

The cellular changes consisted, in part, of swelling of the cytoplasm, 
distortion of the normal cellular architecture, disappearance of the Nissl 
substance and changes in neurofibrillary structure. Pear-shaped and 
balloon-shaped cells were observed, but these rarely reached the size 
ordinarily seen in cases of amaurotic family idiocy. Some of the swollen 
cells contained hematoxylinophilic granules, indicating the presence of 
so-called prelipoids. The pi'ocesses of many of the altered cells were 
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Fig. 6 . — Aj malpighian corpuscle of the spleen, with central necrosis and 
deposition of hematoxylinophilic granules; Schaffer stain. B, heart muscle fibers, 
showing hematoxylinophilic granules; oil immersion. 
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decreased or absent; remaining dendrites were sometimes of bizaiTe 
shape, with irregular expansions. Changes in the dendrites often 
reseznbled those seen in the cells. Shrunken, pyknotic cells, shadow 
forms and empty cell spaces were observed. The nuclei of these large 
cells were located at the periphery, or were even pushed into the base 
of the swollen dendrite. 

Increase in glia was observed everywhere in the nervous system. In 
the basal ganglia this increase seemed to be more pronounced than the 
cellular alterations. All types of glia cells were involved. Numerous 
monster astrocytes, often multinucleated, and compound granular cor- 
puscles were present. 

Diminution in the number of myelin sheaths was observ^ed in the 
lateral and ventral corticospinal tracts and in portions of the posterior 
column, particularly the fasciculus gracilis. The oval area of FJechsig 
was the only afferent pathway involved below the thoracic region. Glia 
cells, particularly astrocytes, were increased in these areas. Lack of 
involvement of the dorsal spinocerebellar tract was remarkable in view 
of the severe alteration in Clarke’s column. In spite of serious impair- 
ment of intracerebellar connections, as evidenced by the disappearance 
of Purkinje cells, all the afferent and efferent cerebellar pathways were 
relatively intact. The conspicuous gliosis in the myelin-poor portions 
of the cord (fig. 3 5) and the presence of pericellular baskets around 
cell-free spaces in the cerebellum were evidence that the process was 
degenerative, rather than due to lack of development of these structures. 

Slight cellular proliferation of the pia-arachnoid was observed. 
Degeneration of the walls of some of the blood vessels, most pronounced 
in the adventitia, may be interpreted as a secondary reaction to the 
parenchymatous involvement. 

While degeneration of heart muscle, voluntary muscle and the 
malpighian corpuscles of the spleen was noted, the most striking change 
in the visceral organs was the appearance of numerous hematoxjdinopbilic 
granules in the spleen, liver, lung, heart and thymus. 

COMMENT 

The familial neurologic disorder that has been described does not 
readily conform to any previously described disease, either from the 
clinical or from the pathologic viewpoint. Certain of the changes, how- 
ever, are shared by a variety of heredofamilial disorders. 

Clinically the cases were marked by a flaccid type of paralysis, with 
retention of tendon jerks in 2 of the cases, absence of abdominal reflexes, 
loss of speech, difficulty in swallowing, strabismus and varying degrees 
of impairment of mentation. Seizures were observed in 2 of the 3 cases. 
Fibrillations and diminished reaction to faradic stimulation were observed 
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in 1 case and pale optic disks in another. The disease began during the 
first year of life, and death occurred about the second birthday. 

In onset, fatal termination and familial occurrence the disorder was 
similar to both amaurotic family idiocy (Tay-Sachs disease) and infantile 
progressive muscular atrophy (Werdnig-Hofifmann disease). The flaccid 
paralysis and involvement of cranial nerves may be present in either 
disease. Seizures have been reported only in cases of the former. 
Against the diagnosis of amaurotic family idiocy are (1) absence of 
severe mental deterioration in 2 of the cases and (2) lack of visual 
disturbances. In the third case, in which histologic examination was 
made, the patient was able to grasp for objects until shortly before 
death. The absence of amaurosis is evidently exceedingly rare in cases 
of Tay-Sachs disease. Van Bogaert and others ^ reported the occurrence 
of idiocy without visual disturbances in a child of a family in which other 
members had the typical manifestations of the disease; no pathologic 
verification is available. Sachs - stated that in rare instances the visual 
disturbance may begin late in the course of the disease. In a few other 
cases reported ^ the cherry red spot has not been observed. 

Pathologically, the disease in this case seemed to resemble Tay-Sachs 
disease more than any other. Swollen, bizarre cells and dendrites were 
seen which appeared to be identical with the characteristic cells of this 
disease. Atrophy of the cerebellum and disappearance of the Purkinje 
cells similar to the alterations in Tay-Sachs disease were present. 
Involvement of pyramidal tracts, hyperplastic gliosis and “mulberry 
bodies” were also noted. The increase in glia in the third case was not 
always related to the cellular alterations — evidence that it was a primary, 
and not a reactive, phenomenon ; this feature has been stressed by some 
observers in cases of amaurotic family idiocy.^*' In spite of these 
similarities, the swelling of the cells was neither as marked nor as 
striking as is to be expected in characteristic cases of this disorder. In 
addition, many cells appeared to be undergoing axonal degeneration, 
and empty cell beds were observed. While involvement of the cortico- 
spinal tracts has frequently been noted, damage to the posterior column 

1. van Bogaert, L. ; Sweerts, J., and Bauwens, L. : Sur I’idiotie amaurotique 
familiale du type Warren-Tay-Sachs. Etude semiologique du syndrome de 
decerebration et des automatismes primitifs de I’enfant, Encephale 27:196-223, 
1932. 

2. Sachs, B. : Personal communication to the authors. 

3. Epstein, J. : Amaurotic Family Idiocy Without the Classical Cherry-Red 

Spot, Arch. Pediat. 46:124-129, 1929. Hassin, G. B., and Parmelee, A. H. : 
Amaurotic Family Idiocy (Tay-Sachs Type), Am. J. Dis. Child. 35:87-102 (Jan.) 
1928. ^ 

4. Wilson, S. A. K. : Neurology, Baltimore, William Wood & Company 
1940, (a) p. 884; (b) pp. 950 and 954. 



40 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


is practically unique, except in the case of Frey.® This author observed 
changes in the posterior column beginning in the lower thoracic region, 
affecting particularly Goll’s fasciculus. This is identical with the dis- 
tribution of the involvement in the present case, except for the changes 
in the oval area of Flechsig, which have not previously been described. 

There was little histologic evidence in the third case to favor the 
clinical diagnosis of Werdnig-Hoffmann disease, a diagnosis that seemed 
likely in view of the familial character, rapid course and occurrence of 
flaccid paralysis with fibrillations. The pathologic changes that have 
been described usually consist primarily of shrinkage and disappearance 
of anterior horn cells, and occasionally of the motor nuclei of the medulla, 
pons and midbrain. Degeneration of the pyramidal tracts has been noted 
in a high percentage of the cases reported. Zatelli ® described involve- 
ment of Goll’s column and of the medium-sized and giant pyramidal 
cells in the cerebral cortex, changes which were present in this case. 
It should be noted, moreover, that many of the cases reported as instances 
of Werdnig-Hoffmann disease have been identified only by their clinical 
manifestations, without benefit of histologic examination ; some may 
have resembled our case. 

In spite of the lack of close similarit}' to previously described heredo- 
familial diseases, resemblances not only to the aforementioned entities 
but to others may be noted. The association of combined degeneration 
of the pyramidal tracts and the posterior column, particularly of the 
fasciculus gracilis, has been observed frequently in cases of Friedreich’s 
ataxia and peroneal muscular atrophy (Charcot-Marie-Tooth disease), 
less frequently in cases of hereditary spastic paralysis ’’ and only rarely in 
cases of amaurotic family idiocy ® and Werdnig-Hoffmann disease.® The 
additional involvement of the cells of the nucleus dorsalis (Clarke’s 
column) has been reported in association with all these disorders but 
the last. Similar atrophy of the cerebellum with pronounced reduction 
in the number of Purkinje cells has been described in cases of Marie’s 
heredocerebellar ataxia, Friedreich’s ataxia, hereditary spastic paralysis 
and amaurotic family idiocy. Reduction or disappearance of pyramidal 
cells in the motor region, particularly the giant cells and middle-sized 

5. Frey, E. : Pathohistologische Untersuchung des Centralnervensystems in 
einem Falle von Sachs’scher familiarer amaurotische Idiotie, Neurol. Centralbl. 
20:836-843, 1901. 

6. Zatelli, T. : Zur Klinik und Pathologic der familiaren, fruhinfantilen, 
spinalen, progressiven Muskelatrophie (Typus Werdnig-Hoffmann), Arb. a. d. 
neurol. Inst. a. d. Wien. Univ. 19:436-450, 1912. 

7. Newmark, L.: Ueber die familiare spastische Paraplegia, Deutsche Ztschr. 
f. Nervenh. 27:1-23, 1904. Kahlstorf, A.: Klinischer und histopathologischer 
Beitrag zur hereditaren spastischen Spinalparalyse, Ztschr. f. d. ges. Neurol, u. 
Psychiat. 159:774-780, 1937. Schaffer, K., and Miskolczy, D.: Histopathologie 
des Neurons, Leipzig, J. A. Barth, 1938, p. 50. 
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pyramidal cells, has been noted in cases of Friedreich’s ataxia,^ hereditary 
spastic paralysis,'^ amaurotic family idiocy and Werdnig-Hofifmann dis- 
ease.® Amyotrophy and damage to the anterior horn cells are seen not 
only in Werdnig-Hoffmann disease and peroneal muscular atrophy but 
in Friedreich’s ataxia."**^ 

It is obrdous, therefore, that in this broad group of heredofamilial 
disorders certain sites in the nervous system are especially vulnerable. 
This, of course, is not sufficient evidence to warrant the assumption that 
these disease processes are basically identical. The frequent involvement 
of the pyramidal tracts and of a portion of the posterior column is of 
special interest because these pathways are the youngest, both phylo- 
genetically and ontogenetically, in the cord, and hence probably the most 
susceptible.® 

The bizarre swelling of cells and dendrites which was present in this 
case is often considered to be pathognomonic of amaurotic family idiocy. 
The swollen cells and dendrites noted by Schaffer in a case of family 
spastic paralysis ^ and the pear-shaped cells seen by Teschler in a case 
of “chronic progressive amyotrophy”-^® are examples of a similar change, 
however. The presence of hematoxylinophilic granules, not mentioned 
in these cases, may be of more diagnostic significance. They were 
observed not only in the cells of the central nervous system but in many 
of the visceral organs. Such deposits are generally described as pre- 
lipoids (such as phosphatides and cerebrosides) . Similar changes in 
the viscera were noted in cases of amaurotic family idiocy by Kufs 
(adult type) and by Davison and Jacobson (infantile type), an observa- 
tion favoring Bielschowsky’s concept that this disease is the expression 
of a general disturbance in lipoid metabolism. 

SUMMARY 

A disorder occurring in 3 siblings, leading in all of them to a fatal 
termination at the age of 2 years, is described. The clinical manifesta- 

8. Spiller, W. G.: Friedreich’s Ataxia, J. Nerv. & Ment. Dis. 37:411-435, 
1910. Muller, E. : Zur Pathologic der Friedreichschen Krankheit, Deutsche 
Ztschr. f. Nervenh. 32:137-182, 1907. 

9. Brouwer, E.: The Significance of Phylogenetic and Ontogenetic Studies 
for the Neuropathologist, J. Nerv. & Ment. Dis. 51:113-136, 1920. 

10. Teschler, L. ; Zur Frage der chronisch progressiven spinalen Amyotrophien 
(sogenannter Poliomyelitis chronica), Arb. a. d. neurol. Inst. a. d. Wien. Univ. 
30:229-246, 1928. 

11. Kufs, H. : Sind die familiar-amaurotische Idiotic (Tay-Sachs) und die 
Splenohepatomegalie (Niemann-Pick) in ihrer Pathogenese identisch?, Arch. f. 
Psychiat. 91:101-106, 1930. 

12. Davison, C., and Jacobson, S. A.: Generalized Lipoidosis in a Case of 
Amaurotic Familial Idiocy, Am. J. Dis. Child. 52:345-360 (Aug.) 1936. 

13. Bielschowsky, M. : Amaurotische Idiotic und lipoidzellige Splenohepato- 
megalie, J. f. Psychol, u. Neurol. 36:103-123, 1928. 
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tions consisted of (1) progressive flaccid paralysis in which the distal 
portion of the extremities was least involved and the tendon jerks were 
not necessarily absent; (2) signs of involvement of the brain stem 
consisting of strabismus, loss of articulation and difficulty in swallowing, 
and (3) varying degrees of impairment of mentation. Amaurosis was 
not present. The clinical diagnosis of Werdnig-Hoffmann disease was 
made in 1 case. In this case diffuse changes were noted post mortem. 
They were most severe in the spinal cord, brain stem and cerebellum. 
Swelling and disappearance of cells and dendrites were seen. Pathologic 
changes in the glia were pronounced. The pyramidal tracts and portions 
of the posterior column were partially demyelinated. Hematoxylinophilic 
granules (prelipoid deposits) were observed in both the central nervous 
system and the visceral organs. 

The disease appears to be most closely related to amaurotic family 
idiocy, in spite of certain clinical and pathologic differences. 

Similarities between this and other forms of heredofamilial neurologic 
disorder are pointed out, including the frequent involvement of the phylo- 
genetically younger ascending and descending pathways. 

Stanford University Hospitals, San Francisco. 

Neurological Institute of New York. 
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CHICAGO 

Clinical psychotherapeutic methods, once mystic, then largely empiric,, 
have only recently begun to acquire a demonstrable psychobiologic 
rationale. As a contribution from the field of comparative dynamic 
psychology, I shall attempt to show in this report that thei'apeutic 
technics developed in the study of experimental neuroses in animals 
conform with certain fundamental principles of behavior, which alsO' 
govern the psychotherapy of human subjects. 

EXPERIMENTAL OBSERVATIONS ’■ 

Production of Neuroses in Animals . — By means of an automatic con- 
ditioning apparatus, cats were trained to lift the lid of a box to secure 
food in response to one or more signals in various sensory modalities. 
As a control procedure, the box was then locked, or the animal was- 
otherwise mechanically frustrated in its food taking ; under these circum- 
stances the conditioned responses to the feeding signals were rapidly" 
extinguished, but no other behavior abnormalities developed. If, how- 
ever, the food was made freely accessible after the signal, but the act of 
feeding itself was rendered motivationally conflictful by administering a. 
disturbing, although harmless, blast of air across the box at the moment 
of food taking, the animal rapidly acquired an “experimental neurosis,”’ 
characterized by manifestations of anxiety whether it was in or out of the- 
apparatus, hyperesthetic startle reactions, consistent “phobic” responses, 
to the feeding signals, to space constriction or to other meaningful con- 

From the Department of Psychiatry, Division of Medicine, and the Otho S. A. 
Sprague Institute, the University of Chicago. 

1. The necessary control experiments, the various characteristic behavior- 
abnormalities constituting “the psychopathology of animal life” and the principal' 
methods of treating experimental neuroses are recorded in a series of 16 mm. 
motion picture films distributed by the department of psychiatry, the University of 
Chicago. I have described the apparatus and technics employed in these studies 
in previous publications (An Automatic Apparatus for the Central Conditioning of 
Small Animals, J. Comp. Psychol. 28:201, 1939; Is the Hypothalamus a Center 
of Emotion? Psychosom. Med. 3:1, 1941; Psychobiologic Dynamisms in Behavior, 
Psychiatry 5:341, 1942). A more detailed description and analysis of the experi- 
mental results for 212 animals over a period of seven years will be included in. 
a monograph entitled “Behavior and Neuroses,” to be published. 
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figurations previously associated with the conflict situation, stereotyped 
“compulsion” and “fixation” patterns of hiding or escape, “narcissistic” 
■or regressive manifestations, such as excessive licking and preening, and 
■even protracted avoidance of food and self starvation to the point of 
•extreme cachexia. 

Therapeutic Technics . — The “neurotic symptoms” just described per- 
sisted for months after only from one to four “emotionally traumatizing” 
experiences ; nevertheless, the experimental neurosis could be diminished 
■or abolished at any time by various experimental procedures, classifiable 
under the following five categories : 

1. Diminution of Intensity of One of the Conflictful Drives : If a 
neurotic animal was manual^, or even forcibly, fed just before being 
replaced in the conflict situation, its phobic, compulsive and anxiety 
reactions were significantly less marked than when its hunger was 
intense. 

2. “Reassurance,” “Persuasion” and “Suggestion”: If the experi-’ 
menter, b)'^ petting and gentle hand feeding, patiently retrained the 
neurotic animal to take food from the box, the phobic responses to 
the signals were gi'adually replaced by normal food seeking; other 
neurotic reactions abated, and the animal eventually became capable of 
withstanding even the previously phobogenic air blasts without flinching. 
In fact, in some animals the air blasts themselves later became positive 
conditional signals for feeding. 

3. Environmental Press: In contrast to these therapeutic methods, 
the feeding inhibitions could also be disrupted through environmental 
manipulations, e. g., by employing a movable barrier in the cage to force 
the neurotic animal, at the height of its hunger, ever closer to the open 
food box as it became filled with delectable pellets of salmon seasoned 
with catnip. As the animal was thus slowly but inexorably brought 
nearer the locus and psychologic nidus of its conflict, its anxiety and 
attempts to escape at first increased in intensity; finally, however, the 
maximally reenforced hunger drive explosively broke through the 
counterpoised inhibitions, and furtive, hurried gulping of food occurred. 
Once the motivational impasse was broken, the feeding behavior soon 
became more natural; normal responses to the signals returned; the 
“claustrophobic” reaction to the space constriction disappeared, and the 
other neurotic manifestations rapidly diminished in intensity. 

4. “Social Example”: When a cat with active feeding responses 
to the signals was placed in the experimental situation with the self- 
starved, cringing, neurotic animal, the latter gradually began to join in 
the food taking, although for days thereafter this could easily be disrupted 
and the neurosis reactivated by exhibition of the conditional signals when 
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the animal was alone in the cage. This method, in fact, was the least 
reliable of the five with regard to the permanent dissipation of aberrant 
manifestations in the neurotic animal. 

5. “Working Through”: Finally, several animals were themselves 
trained to manipulate a switch which controlled both the feeding signals 
and the automatic deposition of food in the box. If the switch was then 
turned off so that the signals did not operate, the animals made no 
attempt to feed, but continued to depress the switch until the signals 
again appeared before taking food. When the animals were made 
neurotic by the air blast technic, they at first ignored or avoided the 
switch ; however, most animals gradually reexplored its use with 
increasing confidence until they had reestablished their self-signaling 
and feeding patterns despite repetitions of the air blast and had thus, 
by trial and success activit}'-, resolved their motivational conflict and its 
derived neurotic manifestations. These neurotic animals, then, “worked 
through” their conflict in a manner denied to others not given such 
manipulative control of the experimental situation. 

COMMENT ^ 

I have elsewhere proposed four fundamental principles of behavior, 
which may be briefly restated here as follows : 

1. Behavior is motivated by the biologic needs of the organism. 

2. Behavior is contingent on, and adaptive to, the meanings of the 
^‘objective” and “social” environment as interpreted by the individual 
organism. 

3. Behavior relieves bodily tensions not only by direct but also by 
substitutive or symbolic activity. 

4. When psychobiologic motivations or environmental meanings 
become excessively confused or conflictful, behavior likewise becomes 
abnormal^ substitutive, symbolic and biologically inefficient, that is, 
“neurotic” or “psychotic” in character. 

These propositions are confirmed by the experimental results with 
animals here reported. Moreover, that similar principles underlie the 
infinitely more complex phenomena of clinical psychiatry and are con- 
sistent with various pS3xhotherapeutic technics may be indicated by a 
brief review. 

The Concept of Motivational Conflict . — This concept is explicit or 
implicit in almost all dynamic theories of the etiology of the neuroses. 
Psychoanalysis has shown that in men, as well 'as in animals, environ- 
mentally conditioned motivational conflicts engender anxiety, which then 
finds both deviated expression and partial mitigation in s}'mbolic or 
substitutive behavior patterns, such as phobias, compulsions, fixations 
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and regressions. Similarly, clinical psychotherapeutic methods cor- 
respond in rationale with those employed experimentally as follows: 

Diminution of Conflictful Bodily Needs : It is generally recognized 
that admission to a sanatorium, bodil)'^ rest, physical therapy, temporary 
isolation, proper feeding, etc., are ps)'chotherapeutically effective largely 
because they conform to certain of the patient’s conscious or unconscious 
psychobiologic needs, such as those for passivity, security or just 
environmental relief from excessive emotional stresses. When these 
needs are not symbolically gratified, or the meanings of the therapeutic 
efforts are psychotically misinterpreted, the procedures employed are 
generally of little therapeutic avail. Moreover, it is probable that many 
sedative and h3'^pnotic drugs relieve anxiety not so much by specific 
pharmacologic action as by numbing the apperception of internal emo- 
tional tensions and conflicts. Similar^, occupational therap}' and bodily 
exercise may serve mainly as acceptable outlets for conflictful drives and 
thus indirectly diminish the intensit}^ of the latter. Conversely, in 
psychoanalytic technic direct sexual gratification ma)’’ for a time be 
purposely forbidden in order that related anxieties and conflicts may 
become pressing and thereby more accessible to analysis. 

Reassurance, Suggestion and Persuasion; In these “transference”’ 
technics, the therapeutist, like the experimenter trusted by the neurotic 
animal, utilizes the dependent confidence invested in him b}’’ his subject 
to increase the security of the latter and thus induce him to attempt 
solutions of emotionally conflictful life situations previously reacted to 
only with paralyzing anxiety or with aberrant behavioral defenses. 
Thus, the psychiatrist, by the use of emotionally cathectic (and thereby 
thaumaturgic) verbal or other manipulative symbols, may “persuade”^ 
a neurotically anorexic, vomiting patient with intensely conflictful oral 
needs to take food, and may even reenforce this therapy by symbolically 
manipulative methods, such as having a matronly nurse do the introduc- 
tory spoon feeding. Unfortunately, while such therapeutic procedures 
may provide highly desirable symptomatic relief, they do not resolve 
the manifold, deeply ingrained and stoutly defended conflicts that uncon- 
sciously actuate most human neuroses. In such cases, of course, the 
results of short term psychotherapeutic procedures are usually neither 
as striking nor as lasting as those obtained in relatively stable animals 
made experimentally “neurotic” by a single motivational impasse 
produced only a comparatively short time before corrective procedures 
are instituted. The psychobiologic principles involved in both cases, 
however, may well be nearly identical. 

Forced Solution; It will be recalled that with this method the 
animal’s feeding inhibitions were overcome by forcing it mechanically 
into the vicinity of attractive food at the height of its hunger; once 
feeding occurred, the animal’s anxiety and the ancillary behavioral 
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aberrations rapidly diminished. Empirically, it has long been recognized 
that direct manipulative methods may be used successfully with normally 
well integrated subjects within a reasonably short time after an acutely 
disturbing emotional trauma. For example, experience in war psychiatry 
has shown that an airplane pilot who, although uninjured, exhibits 
excessive anxiety after a crash can frequently be kept from development 
of a chronic and disabling neurosis b}'^ being forced, either physically or 
by effective press of custom and authority, to fly another plane imme- 
diately. Similar^, acute anxiety states in soldiers are often best treated 
in front line stations by authoritative methods of reassurance and 
persuasion, followed by direct return to duty as soon as possible. In the 
therapy of the more chronic civilian neuroses less intensive pressures 
must of necessity be used, if only to preserve the patient’s tenuous 
cooperation and rapport; nevertheless, environmental manipulations and 
familial, economic and other reality influences can often be brought to 
bear not only to diminish the secondar}'- and regressive gains of the 
neuroses, but to induce the patient to face his emotional problems 
more directly. 

“Social Example” and Identification: The principle that one 
emulates, and thereby “identifies,” with persons whose characteristics 
and advantages 'one cherishes or envies is implicit in most pedagogy and 
social training and is widely applicable in psychotherapy. A person 
raised as a devout Mohammedan who migrates to an Occidental culture, 
with which he then wishes to conform, will gradually lose the intensely 
phobic distaste for pork more appropriate to his earlier experience. 
Again, a rejected, withdrawn, aggressive child, placed among secure, 
friendly foster siblings will tend, other factors being equal, to adopt 
their socially more desirable characteristics in order to share their reward 
of parental love and security. Similarly, states of acute disabling panic 
in civilians subjected to bombing or other wartime dangers are often 
effectively controlled by giving the person so affected a specific part 
in a smoothly functioning team of friends and neighbors who are engaged 
in some purposeful defensive or offensive activity. In simpler paradigm, 
the starving but anxiety-ridden neurotic cat tentatively copies and 
eventually readopts the environmental adaptations of a cage mate which 
by its normal feeding responses demonstrates that such behavior is 
possible and biologically successful. 

“Working Through”: Neurotic cats given the means (electric 
switch) with which to test the symbolic and reality aspects of their 
environment (signals and feeding) gradually “work through” and 
eventually eliminate their neuroticall)'' inefficient patterns in a manner 
impossible for cats not given access to such environmental manipulations. 
The achievement of progressively more efficient reality relationships 
through exploratory selection and channeling of adaptive activity on the 
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part of the subject is of great psychotherapeutic importance. Thus, even 
in initially subjective procedures, such as psychoanalysis, the patient 
must later be induced to test out and apply in actual reality manipula- 
tions the newly acquired insights into his previously unconscious object 
and interpersonal relationships. The deeper such analytic insights, the 
better will be the patient’s understanding of his reality symbolisms, the 
more frank and accurate his evaluation of his own motivations and 
the more effective the working through and adjustment of his emotional 
problems to his daily living. 

Finally, it is significant that, with allowance for individual varia- 
tions, a combination of all five therapeutic procedures produced the most 
rapid and lasting return to ps 5 fchobiologically normal behavior in the 
neurotic animals. So, too, in human subjects effective ps 3 'chotherapy 
often combines, first, the initial relief of excessive anxiety through the use 
of various procedures directed toward the diminution of motivational 
conflicts; second, the establishment of an effective therapeutic influence 
through a working identification and rapport with the psychiatrist; 
third, the employment of this and other interpersonal relationships to 
induce the patient to establish more satisfactoi'y norms of social conduct ; 
fourth, the use of graded amounts of reality pressure (by the physician, 
the patient’s family, his employer and others) to force the patient to 
solve his emotional problems as his diminishing anxiety permits, and, 
finally, the provision of vocational, recreational and other operational 
means that make it possible for the patient to work through his reality 
and interpersonal maladjustments in behavior increasingly adapted to 
his milieu. 

SUMMARY 

Artificially induced motivational conflicts in animals induce “experi- 
mental neuroses,” characterized by anxiety reactions, persistent inhibi- 
tions, sensory hyperesthesias, phobias, compulsions and other aberrant 
behavior patterns that correspond to those in human psychopathology. 
These neurotic manifestations are diminished or abolished b}'- various 
therapeutic technics which (1) mitigate the intensity of the motivational 
conflict, (2) decrease the resultant anxiety, (3) force a solution by 
environmental pressure, (4) furnish a “social example” of more satis- 
factory behavior or (5) provide the animal with manipulative means to 
“work through” the emotionally conflictful reality situation. These 
observations are consistent with certain psychobiologic principles applica- 
ble alike to comparative dynamic psychology, to semeiotic psychiatry 
and to clinical psychotherapeutic technics. 

950 East Fifty-Ninth Street. 
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Because their material was studied in institutions for the insane, the 
majority of writers on epileps)^ have expressed the opinion that this 
disorder inevitably leads to mental deterioration. This view was chal- 
lenged by one of us (H. A. P.) in 1932, in a study made on epileptic 
patients seen in private, extramural practice. In that study attention 
was directed to the fact that only 6.5 per cent of 304 such epileptic 
patients presented mental changes characteristic of epileptic deteriora- 
tion after a suitable lapse of time. The remaining patients in this series 
retained normal mental health and suffered no impairment in their ability 
to work at their various vocations. We have become convinced that 
the disorder known as “idiopathic epilepsy” is of two types: In one 
variety mental deterioration occurs, and in the other it does not. 

In addition to the mental status, certain differences between the 
mentally deteriorated and the nondeteriorated epileptic patients have been 
studied by us. In one communication ^ it was shown that the hereditary 
background of the deteriorated patient is more heavily loaded with neuro- 
pathic disturbances than that of the nondeteriorated patient. The onset 
of the seizures was found ^ to occur earlier in life among the deteriorated 
epileptic patients than among the nondeteriorated ones, and the deterio- 

t Dr. Paskind died on March 24, 1942. 
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rated patients were shown * to have a greater number of seizures than 
the nondeteriorated ones. 

For several years we have been studying differences of a constitu- 
tional, or inborn, nature between these two groups of patients. A 
greater profusion of anatomic anomalies (stigmas of degeneracy) was 
demonsti'ated ® among the deteriorated than among the nondeteriorated 
■epileptic patients. In other studies Ave reported significant differences 
in the body habitus,'’* the dactylographic patterns (finger prints) " and 
the character of the handwriting.® These studies suggest that deterio- 
rated and nondeteriorated epileptic patients differ from each other before 
birth, since the differences described are inborn, or genotypic, in char- 
acter. 

The present communication is concerned with another constitutional 
mark, the capillaries of the finger nail fold. 

Since 1911, when Lombard” first visualized the capillaries in the 
fold of skin at the base of the finger nail in the living patient, there have 
been numerous studies on the morphology and development of these 
capillaries. The majority of authors dealing with capillaries of the nail 
fold have come to the conclusion that their formation, which occurs 
during the first few years of life, is controlled b}’’ constitutional factors 
and that thereafter the morphologic character of the capillaries remains 
unaltered except for the changes induced by growth and local trauma. 
This was the opinion expressed by Crawford,^” Hagen,^^ Jaensch,’^” A'^on 

12. Jaensch, W. : Die Hautkapillarmikroskopie, Halle, Carl Marhold, 1929. 

4. Paskind, H. A., and Brown, M. : Frequencj' of Seizures in Epilepsy: Dif- 
ferences Between Deteriorated and Non-Deteriorated Patients, Am. J. Psychiat. 
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Lederer/^ Stefko/^ Ubenauf and Leaderd” Delbruck/' Gansslen 
and Fischer/'’ however, expressed disagreement with this view. Strong 
proof of the overwhelming importance of constitutional factors in 
determining the morphologic pattern of the capillary loops is offered by 
the studies of Doxiades and Uhse,-® Lehmann and Hartlieb,-’- Mayer- 
List and Hubner -- and Schiller.'’^ These authors have shown that the 
capillaries of the nail fold of identical twins bear a much closer 
resemblance to each other than those of nonidentical twins. 

From the work of the authors cited we believe it safe to accept the 
morphology of the capillaries in the nail fold as a constitutional mark. 
We have, therefore, compared the capillaries of the nail fold of deterio- 
1‘ated epileptic patients with those of nondeteriorated persons similarly 
afflicted in order to determine whether differences hei'e might indicate 
differences in constitution. 

The capillaries of the nail fold were investigated in epileptic 
patients by Euziere, Lafon and Toye,-^ Kre3^enberg,^'’ Brahm,^° Mari,^" 

13. von Lederer, E. : Die Bedeutungen Capillarmikroskopie in der Prognose 
und Therapie der Oligophrenic, Monatschr. f. Kinderh. 58:429, 1933. 

14. Stefko, W. : Die Entwicklung der Hautkapillaren in Kindesalter, Kinder- 
arztl. Praxis 2:468, 1931. 

15. Ubenauf, K. : Die konstitutionspathologische Bedeutung der Capillarhem- 
mung, Arch. f. Psychiat. 100:700, 1933. 

16. Leader, S. D.; Capillary Microscopy in Children, Am. J. Dis. Child. 44: 
403 (Aug.) 1932. 
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Milewski and Wiiczowski,-® Schnidtmann,-® Scliryver-Hertzberger 
and Leader.^® Altogether, 537 patients were studied by these authors. 
Although their methods of describing or classifying abnormalities in 
capillary morphology varied considerably, they expressed the unanimous 
opinion that bizarre capillaries and abnormalities in the development 
of the capillary loops are unusually frequent among epileptic patients. 
From 33 to 87 per cent of the epileptic patients whom they studied were 
found to have abnormal capillaries. The value of these studies suffers 
greatl}"- from the fact that patients with primary congenital mental 
deficiency, who are not truly epileptic, were often included in their 
observations. Furthermore, none of the epileptic patients studied by 
these authors were said to be without mental changes. 

W e studied the capillaries of the nail fold in 78 deteriorated patients 
with epilepsy who had been committed to the Elgin, Chicago and Dixon 
State Hospitals and in 100 nondeteriorated patients from the outpatient 
clinic of Northwestern University Medical School and Rush Medical 
College. Of the institutional patients, 38 were males and 40 females; 
58 of the extramural patients were males and 42 females. The ages of 
the patients were similar in the two groups, most of the patients being 
from 20 to 40 years of age. In order to allow time for deterioration 
to occur, no patient was accepted for the group not showing deterioration 
unless seizures had been present for at least four years ; many of these 
patients had had seizures for decades. In both groups we were careful 
to exclude persons with defective mental development ; in some instances 
this was done with the aid of psychometric tests and in others by a 
study of the educational and vocational experiences of the patient. No 
patient was accepted who had signs of focal neurologic disorder. 

The skin fold at the base of the nail on the fourth (ring) finger of 
the right hand was studied in all subjects. Fingers which had been 
traumatized were not used in the present study. Photomicrographs 
were made of all portions of the nail fold in every subject, the magni- 
fication used being 40 diameters. From four to eight exposures were 
made in each case. The morphologic pattern of the capillary loop was 
studied from the unretouched negatives of the photographs, not from 
the patient directly. 

From a study of the forms of the capillary loops it is possible to 
classify them into ten general types. The classification is based on the 
morphologic pattern of the loop itself, not on its position or the character 

28. Milewski, and Wilczowski, E.: Capillarskopische Untersuchungen bei 
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of the blood flow within it. The figure shows the various kinds of 
capillary loops encountered in the patients studied. Type 1, which 
by many authors is regarded as the normal variety of capillary loop 
in the nail fold, resembles a hairpin. Both its ascending and its 
descending limb are well developed and straight, and they are of equal 
size. Type 2 resembles type 1 except that both its ascending and its 
descending limb are slightly tortuous, though parallel to each other. 
Capillaries belonging to type 3 form a simple loop, which is shaped like 
the written letter 1. A figure of eight is formed by capillaries belonging 
to type 4. In type 5 both the ascending and the descending limb of the 



5 6 


7 8 




9 10 


Types of capillary loops encountered in the nail folds of deteriorated and of 
nondeteriorated patients with epilepsy. 


loop are straight, but the upper portion is slightly tortuous. There is 
a great deal of resemblance between types 5 and 6; in the latter the 
upper portion of the capillary loop is more tortuous than that in type 5, 
and a secondary L-shaped loop is present. Type 7 represents a form 
in which one limb of the capillary loop is straight and the other tortuous. 
Under type 8 are included capillary loops which are rudimentary; they 
are difficult to see and appear to be partially developed. Capillary 
loops belonging to type 9 include those in which both the ascending 
and the descending limb are tortuous; capillaries which are bizarre in 
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appearance and do not fit into the other categories are included in this 
group. Under type 10 are placed all capillary loops in which one limb 
is much larger than the other. Only those capillary loops which were 
seen clearly were included in the present study. 

In the table may be seen the frequency with which the various types 
of capillary loops were encountered in the finger nail folds of the 
deteriorated and of the nondeteriorated patients with epilepsy. Stud)’' 
of this table shows several interesting and statistically significant differ- 
ences between the two groups of subjects. The simple hairpin variet}’- 
of capillar)’ loop (type 1) occurs almost three times as frequently in 
the nail folds of the extramural subjects as in the nail folds of the 

Frequency of Occurrence of Various Types of Capillary Loops in the Nail Folds 
of Deteriorated and Nondeteriorated Patients with Epilepsy 


Deteriorated Patients Kondcterlornted Patients 

A A 



Male 

Female 

> /— 

Male and 
Female 

Male 

Female 

Male and 
Female 

Number oJ capillaries 
observed 1,272 

1,032 

2,904 

1,273 

1,038 

2,911 

Number of patients 
studied 

3S 

40 

78 

58 

42 

100 

Types of capiilary loops, percentage 





1 

25.6 ± 0.S2 

18.3 ± 0.64 

21.5 ± 0.51 

57.3 ± 0.77 

63.5 ± O.SO 

00.1 ± 0.50 

9 

2.6 ± 0.30 

3.4 ± 0.30 

3.1 ± 0.22 

2.1 ± 0.22 

3.7 ± 0.31 

2.8 ± 0.19 

s 

13.2 i: 0.69 

13.4 ± 0.57 

13.3 ± 0.42 

15.2 ± 0.50 

12.7 ± 0.65 

14.0 ± 0.89 

4 

10.8 ± 0.62 

8.5 ± 0.40 

9.5 ± 0.87 

11.1 ± 0.49 

7.1 ± 0.43 

9.3 ±0.33 

5 

7.6 rt 0.52 

5.0 ± 0.36 

6.1 ± 0.30 

1.9 ± 0.21 

0.7 ± 0.14 

1.4 ± 0.13 

6 

3.4 ±0.34 

1.5 ± 0.20 

2.3 ± 0.19 

1.0 ± 0.20 

1.0 ± 0.17 

1.3 ± 0.13 

7 

2.1 ± 0.27 

1.3 ± 0.19 

1.C ± 0.10 

0.0 ± 0.12 

1.0 ± 0.17 

0.8 ± 0.10 

8 

0.6 ±0.15 

1.0 ±0.21 

1.2 ± 0.14 

0.6 ± 0.12 

1.2 ± 0.18 

0.9 ± 0.11 

9 

26.9 ± 0.84 

38.8 ± 0.81 

33.6 ± 0.59 

7.3 ± 0.40 

6.6 ± 0.41 

7.0 ± 0.29 

10 

7.2 ± 0.49 

8.2 ±0.40 

7.8 ± 0.34 

2.3 ± 0.23 

2.5 ± 0.20 

2.4 ± 0.17 


deteriorated patients. Thus, of 2,911 capillary loops visualized in the 
nondeteriorated patients, 60.1 per cent were of type 1 ; for the 2,904 
capillary loops from deteriorated subjects the corresponding value was 
only 21.5 per cent. The same kind of difference was found when the 
male or the female subjects were studied separately. Types 2, 3, 4 
and 6 occurred with almost equal frequency in the tnvo groups of 
subjects. Capillaries classified as type 5 were significantly more fre- 
quent among female institutional epileptic patients than among female 
extramural patients. The same was true for capillaries of type 7. 
Capillary loops belonging to types 8, 9 and 10 occurred more frequently 
in the deteriorated subjects than in the nondeteriorated ones. This 
difference was also significant statistically, and it was found to remain 
so when the men and women of the two groups are compared with each 
other separately. 



PASKIND-BROWN— EPILEPSY 


55 


From the foregoing study of the morphology of the capillaries of 
the nail fold of 78 deteriorated epileptic patients and 100 epileptic 
patients without deterioration it may be concluded that the following 
significant differences between the two groups exist: 

1. The so-called normal, or simple hairpin-shaped, capillary loop 
occurs more frequently in the nail folds of nondeteriorated subjects than 
in those of the mentally deteriorated ones. 

2. Rudimentary or poorly developed capillary loops are found in a 
larger proportion of institutional patients than of nondeteriorated ones. 

3. Tortuous and bizarre capillaries are significantly more frequent 
among deteriorated subjects than among nondeteriorated ones. 

4. In the mentally deteriorated epileptic patients the incidence of 
capillaiy loops in which one limb is much more fully developed than 
the other is greater than in the mentally normal epileptic patients. 

From these observations it is concluded that further evidence has 
been adduced to support the view that there are constitutional, or inborn, 
differences between the deteriorated and the nondeteriorated patient 
with epilepsy. 
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In a recent survey of the reported cases of intracranial dermoid tumors, 
Broager ^ stated that 62 verified cases are on record and that, of these, 
operation was performed in only 19. At the same time he reported 
that the larger series of dermoid and epidermoid tumors indicate that 
the latter are approximately four times as common as the former. In 
view of these facts, it seems important to put on record 4 cases of intra- 
cranial dermoid tumors and 1 case of epidermoid tumor (an exact 
reversal of Broager’s ratio), in all of which operation was successfully 
performed, selected from a total of well over 700 verified cases of intra- 
cranial tumors. 

It is not the purpose of this paper to review the statistics on all 
reported cases of intracranial dermoid and epidermoid tumors or to 
deal widely with the histology, clinical symptoms and surgical problems 
of such tumors. These matters have been considered in detail by Bos- 
troem,^ Brock and Klenke,® Sweet * and Broager.^ It is of considerable 
interest to discover that in all of the reported series the epidermoids far 
outnumber the dermoids. In Cushing’s ® total series of 2,023 verified 
intracranial tumors, reported on in 1932, there were 12 epidermoids and 
3 dermoids. Broager’s series of 759 verified tumors in Rigshospitalet 
in Copenhagen, Denmark, included 9 epidermoids and 2 dermoids. Cour- 
ville and Kimball,® in a series of 529 intracranial tumors verified at 
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autopsy, found but 1 intracranial dermoid, and “that a small one dis- 
covered incidentally in the course of a routine examination of the intra- 
cranial contents. Love and Kernohan^ reported 15 instances of such 
tumors from the files of the Mayo Clinic; of these tumors, 10 were 
epidermoids and 5 dermoids (3 intracranial and intradural, 1 extra- 
cranial and 1 intraspinal). In a discussion on that paper, Sachs stated 
that at that time he had had 6 epidermoids and no dermoids, and Spurling 
reported that he had had 2 epidermoids and no dermoids. Other equally 
interesting reports confirm the fact that, granted that all histologic diag- 
noses were correct, epidermoids usually far outnumber dermoids in 
their frequency of occurrence in authenticated series of intracranial 
tumors. 

Clarification is needed in the definition of epidermoid, dermoid and 
teratomatous tumors. Most authors agree that, with the histologic 
appearance of these tumors as a source of definition, the epidermoid 
is a benign tumor, congenital in origin, and consists only of epidermoid 
cells and their products of disintegration. By the same method, the 
dermoid is a benign tumor, congenital in origin, and may contain repre- 
sentative structures from a part or all of the constituents of the entire 
dermis. That is, a dermoid tumor may contain hair, sebaceous and sweat 
glands, teeth, nails and skin. Teratoma is a tumor of congenital origin ; 
it may be either benign or malignant and contains representative tissues 
from all three embryonic germ layers. 

The definition of an epidermoid seems simple and reliable enough. 
Examination of such tumors from many different clinics shows them 
to vary little or not at all in their microscopic structure. The capsule 
is a thin, friable membrane, consisting only of stratified, desquamating 
epithelium, such as one sees on the surface of any skin. The main mass 
of the tumor is composed of the products of decomposition of these 
epithelial cells, and while much of it is amorphous and not particularly 
definable, part of it is crystalline cholesterol. Crumbs of the tumor, 
looking much like dried- bits of cottage cheese, are seen to fluoresce in 
ultraviolet light, and fresh smears show masses of typical cholesterol 
cr3rstals, the outlines of which are made more distinct by the addition 
of a drop of cresyl violet stain to the fresh preparation. The term 
‘ cholesteatoma” is frequently used interchangeably with “epidermoid” 
in naming such a tumor. This is an undesirable and confusing practice. 
If cholesteatoma” were reserved for those tumor-like masses that are 
actually granulomas resulting from chronic infection and that are fre- 
quently seen in various portions of the upper respiratory tract and of 

7. Love, J. G., and Kernohan, J. W. ; Dermoid and Epidermoid Tumors 
(Cholesteatomas) of Central Nervous System, J. A. A. 107:1876 (Dec. 5) 1936. 
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the temporal bone, it would prevent confusion with the diagnosis of 
true epidermoid tumor. 

For all practical as well as theoretic purposes, it would be best to 
reserve the term “dermoid” for those tumors which show tissues arising 
only from the ectoderm, such as epidermis, hair, nails, teeth and seba- 
ceous and sweat glands. As a matter of fact, in most reports these 
tissues form the contents of the tumor called dermoid. In addition to 
these strictly integumentary structures, nerve tissue has been observed 
in some dermoid tumors, this inclusion being permissible if one extends 
the definition of dermoid to include embryonic representatives of the 
entire ectoderm, instead merely of the dermis. But actual difficulty 
does arise when a tumor, mainly dermoid in appearance, contains also 
some muscle fibers, bits of cartilage or bone or strands of fibrous con- 
nective tissue. Here, then, is a tumor representing two embryonic germ 
layers, and by original definition it is neither dermoid nor teratoma. It 
is of such frequent occurrence to find these mesodermal elements reported 
as the contents of a histologically A^erified and supposedly “dermoid” 
tumor that one wonders whether, because of this frequent histologic 
observation, the dermoid should be renamed in some such way as to 
include tissues from both the ectoderm and the mesoderm. This diffi- 
culty has also been noted by Sweet, who suggested the use of the term 
“teratoid” for a tumor containing elements from two germ layers. By 
use of the classification of “teratoid tumor” the term “dermoid,” time 
honored and firmly established, could be preser\'^ed for the tumor con- 
taining only ectodermal derivatives. Sweet suggested the term “tera- 
toid” for any tlimor containing representatives from any two of the three 
primary germ layers. The adoption of this term, definition and classi- 
fication is desirable, for it bridges the gap between the true, or simple, 
dermoid of purely ectodermal origin and the more complex tumors 
inclining to the teratomatous side of the scale. 

The definition of teratoma is accurate and practical. Its rarity and 
its frequent tendency to undergo malignant change are two important 
characteristics. 

The problem of why epidermoids and dermoids arise where they do 
intracranially brings out many interesting facts, theories and specula- 
tions. Courville and Kimball® stated; 

New growtlis of embryonic origin within the cranium may be divided into 
two groups. In the first group, the tumor arises from residual cells of some 
specific structure such as the craniopharyngeal canal (craniopharyngioma) or the 
notochord (chordoma) and is always found in the region of the parent structure. 
Tumors of the second group apparently arise from “cell rests” derived from the 
original tissue layers and are, therefore, confined to no special locality, although, 
to be sure, they may show a predilection for certain regions. This group is made 
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up of three types of tumors, all of which are relatively rare — epidermoids or 
cholesteatomas, dermoids and teratomas. 

Bostroem “ stated that early amniotic adhesions might cause a local 
isolation, or nest, of cells, producing an anlage for an epidermoid or 
dermoid, the age of the anlage determining which of these two tumors 
would result (up to the third week, the dermoid ; fourth or fifth week, 
the epidermoid). Arey ® pointed out that dermoids, resulting from 
embr}^onic epidermal inclusions, are not infrequent along the line of 
fusion of various embryonic structures, such as the branchial grooves, 
and any place along the middorsal or the midventral body wall. Cer- 
tainly, intracranial dermoids are most frequently seen in the midline, 
and in that position may involve the skin, the skull and the dura mater. 
Furthermore, the high incidence of their location below the tentorium 
should be explainable. Gray,® citing Bland-Sutton, stated that early 
in embryonic life the dura mater and the skin are in actual contact. 
Later, the developing skull normally intervenes between the dura mater 
and the skin, but if such a separation is incomplete, due, for example, 
to a defect in bone development, then the dura and the skin may adhere 
to one another. Such a site of adherence may act as a tumor anlage. 
Also when the dura mater invaginates to form the tentorium cerebelli, 
a fold of skin may be caught in the dural folds, again inviting the develop- 
ment of a local tumor. Courville and Kimball expressed the belief that 
there must be some real reason for the high incidence of midline cere- 
bellar dermoids and that “since meningoceles and encephaloceles may 
also be found in this situation, it is possible that dermoids may also 
have an embryonic basis in some sort of malformation, a disturbance 
of cellular rather than of structural arrangement.” Love and Kernohan 
considered the possibility of trauma as a factor in the production of such 
tumors. Remnants of epidermal tissue could be carried into the deep 
layers of the scalp, or even between the inner and the outer table of 
the skull, such remnants being potential sites of tumor growth. Broager 
made some interesting observations on the pathogenesis of epidermoid 
and dermoid tumors. He stated the belief that the intracranial dermoid 
is of an earlier embryonic origin than the epidermoid and that the local- 
ization of the tumor depends entirely on the position of the tumor anlage 
in relation to the medullary sulcus. He stated : 

If the anlage lies within the dorsal border of the sulcus, the tumour will be 
localized in connection with the ventricular system; if the anlage lies in a place 
corresponding to the border, the tumour will be localized in or near the median 
line, whether it be infra-tentorially or quite anteriorly round the lamina terminalis 
which corresponds to the anterior neuropore, the ultimate point of closure of the 

8. Arey, L. B. : Developmental Anatomy, Philadelphia, W. B. Saunders Com- 
pany, 1926. 

9. Gray, R. C: Minnesota Med. 39:530, 1939. 



60 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


medullary tube; finally, if the anlage is lying more laterally tow'ards the neural 
crest, the tumour may be localized laterally, on the base, in the cleft of Sylvius or 
on the convexity. 

He also pointed out that unless a dermoid tumor lies subdurally or 
epidurally, it will usually be found to communicate in some place with 
either the pia or the ependyma. The epidermoid is most frequently 
seen in the cerebellopontile angle, where it simulates closely the acoustic 
neurinoma in clinical signs. The dermoid is rarely found in that location, 
and why that site seems reserved for the epidermoid is not explained 
by Broager. 

Epidermoid and dermoid tumors situated intracranially are usually 
amenable to surgical treatment. Such tumors as those reported on by 
Gray, however, lying deep within the cerebrum and extending into either 
lateral ventricle, are beyond the scope of surgery. Frequently a dermoid 
may become infected, with resulting terminal meningitis. Or it may 
rupture spontaneously and spread its contents throughout the cerebro- 
spinal fluid s)'’stem, a dangerous complication but not necessarily a fatal 
one. Such a rupture produces a severe leptomeningeal reaction, and 
this, together with the actual mechanical barrier formed by the lipoid 
material and cellular masses, may cause blocking of the cerebrospinal 
fluid circulation and resultant sudden hydrocephalus. The dermoid 
frequently ruptures during surgical removal, for the capsule is not neces- 
sarily composed of thickened, skinlike tissue. In fact, most of the wall 
may be, and usually is, essentially epidermal, exactly like that of the 
epidermoid. The contents of a dermoid are usually lumpy masses and 
viscid fluid; hair may be absent or may be present in amounts from a 
few fine strands to matted masses. All this material is easily recoverable 
even though the tumor breaks up during removal. Removal of the 
epidermoid piecemeal is usually necessitated by rupture of the filmy, 
delicate capsule. Bailey, Buchanan and Bucy pointed out that though 
the tumor is easily removed because of its complete avascularity, it tends 
to recur, since during the surgical extirpation a few fragments of the 
friable mass almost invariably escape and any such particle is another 
tumor anlage wherever it may settle. 

Because of the comparative rarity of intracranial epidermoid and 
dermoid tumors, and because of the stimulation which consideration of 
their pathogenesis brings about, the histories of the following 5 cases are 
given in condensed form, 

REPORTS OF CASES 

Case 1. — E. K., a single woman aged 21, began to experience early morning 
headache one year before coming under observation. At first the headaches were 

10. Bailey, P. ; Buchanan, D. M., and Bucy, P. C. : Intracranial Tumors of 
Infancy and Childhood, Chicago, University of Chicago Press, 1939. 
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supraorbital and suboccipital, later becoming constant and more or less generalized. 
Eventually they were accompanied by vomiting without nausea, but shortly before 
her admission to the hospital the vomiting ceased. For the previous six months she 
had noticed increasing numbness of the right side of her face, and for two months, 
gradual failure in visual acuity. In walking she found it difficult to maintain good 
balance, and she inclined to stagger toward the right. There was no history of 
trauma to the head. 

On examination she was found to have high grade bilateral papilledema and 
visual acuity was greatly decreased, but there was no defect in the visual fields. 
The right corneal reflex was absent ; the right side of the face and tongue showed 
decided diminution of sensation to pain but not to touch, and the right side of the 
face and palate did not move as well as did the left. The gait was ataxic, but 
she could perfoi'm accurately the finger to nose and heel to knee tests. There was 
no nystagmus or alteration in the movements of the extraocular muscles. The 
deep tendon reflexes of the right upper extremity were moderately diminished as 
compared with those of the left, but they were equal in the lower extremities. All 
abdominal reflexes were present, and there were no pathologic plantar reflexes. 
No difficulty in speech or swallowing was noted. Lying exactly over the external 
occipital protuberance there was a soft, fatty nodule the size of the tip of a finger, 
and on its apex w'as a small, dark red papule. This mass was tender when 
palpated and had been present since birth. 

Roentgenograms of the skull show'ed prominent convolutional impressions. The 
sella was fairly large, and there was extensive thinning of the posterior clinoid 
processes. It w'as typically a sella which had undergone changes as a result of 
intracranial pressure originating outside the structure itself. The spinal fluid, 
which was under moderately increased pressure, contained but 6 cells per cubic 
millimeter and was without other significant characteristics. 

The mass over the suboccipital ridge suggested an old meningocele, but the 
presence of an underlying congenital tumor was not excluded. The patient under- 
W'ent operation on Aug. 28, 1931. Exactly in the midline bet\veen the two cere- 
bellar hemispheres and occupying entirely the usual site of the cisterna magna 
was a dark greenish blue mass overlying the vermis and extending through the 
foramen magnum. The mass w'as contained within a limiting thick, hypertrophic 
arachnoid membrane and could be Aviped away from the surrounding structures 
with moist cotton sponges. The removal was accomplished from below upward, 
until the tumor was seen to end in a necklike extension leading from the tentorium 
to the soft mass in the midline of the scalp. This extension, as well as the sub- 
galeal mass on the scalp, Avas filled Avith a cheesy green material and a mass of 
matted blond hair. The entire tumor Avas removed, and the patient made an 
entirely uneventful recovery. 

The specimen contained much fine hair, flakes of calcified material, coarse and 
granular cheesy, amorphous material, masses of epithelial cells in all stages of 
disintegration and a large amount of thick, brown, Au'scid, noncellular material, 
Avhich hardened to a consistency of hard rubber in a 10 per cent concentration of 
solution of formaldehyde XJ. S. P. The diagnosis Avas dermoid (teratoid) tumor 
(figs. 1 and 2). 

Case 2. L. M., a single Avoman aged 32, a deaf-mute, Avas brought to the 
hospital b}’’ ambulance in a comatose state. For a year and a half she had suffered 
from headache, at first localized to the back of the head and upper cerAUcal region. 
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but of late becoming generalized. On three occasions she had lost consciousness 
during the height of a severe bout of headache. For a year she had suffered 
increasing difficulty in walking, until at last, for one week, she had been com- 
pletely unable to walk, not because of weakness but because of complete loss of 
balance. She had had sudden attacks of nausea and vomiting for six months, 
difficulty in swallowing for four months, sudden attacks of vertigo, especially on 
change of position, for three months and double vision for one month prior to 
admission to the hospital. She had lost a great deal of weight, and her disposition 
had become one of fear and great concern. In fact, sLx months before she came 
under observation she had been a patient in another hospital, where the diagnosis 
of “hysteria” was made. In spite of a feeling of swelling and numbness in her 
tongue, she had an enormous appetite and ate with relish. There was no history 
of injury to the head. 

The patient was found to have an extreme degree of papilledema on both sides, 
the elevation being recorded as high as 6 D. There were multiple retinal hemor- 
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pig_ — Dermoid (teratoid) tumor, total specimen. Note the masses of fine hair, 
the flakes of calcified material and the principal mass of amorphous tissue debris. 

rhages but no defect in the visual fields. She complained of diplopia, but tests 
showed that all extraocular muscle movements were well performed except that 
convergence was poorly done. When she looked to either side there was marked 
nystagmus, with the quick component to the side of the gaze. Corneal and facial 
sensation to pain and touch was intact. There was obvious weakness of the muscles 
of the left side of the face, and the muscles of the pharynx and palate contracted 
poorly. When the patient was placed in the upright position she promptly fell 
backward and to the right. She was ataxic in all extremities, but testing revealed 
that she was more so on the left than on the right. There were no reflex changes 
of any nature and no pathologic reflexes, and responses to sensory tests were 
normal throughout. 

Roentgenograms of the skull revealed nothing of significance except the presence 
of fairly prominent convolutional impressions. 
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Fig. 2.— A, section of a dermoid tumor. Thin-walled blood vessels, coils and 
masses o simple epithelial cells and isolated, desquamated epithelial cells are the 

nj ® structures. The viscid, heavy fluid which this tumor contained was 
tree of cells and did not stain. 


cells 'arrnn A delicate membrane is composed of epithelial 

ceils arranged m from one to three layers. The wall of this cvst may be com- 
p. r^ with that of an epidermoid tumor, as shown in figure 4. 

Hematoxylin and eosin; x 75. 
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A bilateral suboccipital craniectomy was performed on July 7, 1933, and a large 
greenish cyst was observed to overlie the left cerebellar hemisphere and extend to 
the midline. During separation from the cerebellar cortex the wall of the cyst 
broke, with freeing of a thick, brown, tenacious material, which flowed slowly. 
When this material was removed the bottom of the cavity was observed to contain 
large, yellow, granular masses, which had the gross appearance of cholesterol 
crystals. When this material was removed a mass of tangled hair was seen in 
the depths of the cavity. When, at last, all the contents were removed, the 
cavity was perfectly clean, and cerebrospinal fluid once more circulated in the 
posterior cranial fossa. The cyst did not extend into the vermis and did not 
touch the tentorium. The cisterna magna was pushed to the right but was intact, 
and the right cerebellar hemisphere was in no way invaded. No definite point of 
origin for the tumor could be determined. The diagnosis was dermoid cyst. 

The patient was discharged from the hospital on July 23. She walked fairly 
well, though with some residual ataxia, and the nystagmus had disappeared, 
together with her headache. Two months later the papilledema had completely 
disappeared, and she walked without any loss of balance and considered herself 
well in every way. 

Case 3. — O. M., a woman aged 27, single, a bookkeeper, entered the hospital 
complaining of persistent occipital headache, which had been present for nine 
months. This discomfort was invariably worse in the afternoon; it was made 
worse by straining or jarring, and at no time was the headache accompanied by 
nausea or vomiting. One month before admission she began to notice blurring 
of vision, and at the same time her headache was usually accompanied by flicker- 
ing, dancing lights before her eyes. Three weeks before admission she suddenly 
became “blind” for a minute or so while at work. 

The patient was cheerful, cooperative and intelligent and appeared in good 
physical condition except for the complaints mentioned. Examination revealed 
pronounced bilateral papilledema, but no defect in the fields of vision. All extra- 
ocular muscle movements were well performed, and there was no nystagmus or 
diplopia. Slight diminution of touch sensation was present over the right side •f 
the face, and there were slight but definite signs of weakness of the muscles of 
expression on the left side of the face. There was no difficulty of speech or 
swallowing and no change in the action of the palate or the muscles of the tongue. 
The patient was not ataxic in any extremity, and her station and gait were 
entirely normal. The deep and superficial reflexes were present and equal on the 
two sides, and there were no pathologic reflexes. Complete and repeated testing 
failed to elicit any further objective signs of neurologic change. 

On Sept. 19, 1938, ventriculographic examination disclosed rather pronounced 
internal, symmetric hydrocephalus, the third ventricle lying directly in the midline. 
The fourth ventricle was not visualiaed. The ventricular fluid contained 25 lympho- 
cytes per cubic millimeter, and the total protein content was 16.2 mg. per hundred 
cubic centimeters. No significant bony changes in the skull were discovered. 

On September 23 a bilateral suboccipital craniectomy was performed, and when 
the occipital sinus was ligated there was a sudden escape of thick, green, sticky 
material from under the dura mater. When the dural flaps were turned back a 
cyst, lying directly in the midline, was observed to extend from high between the 
cerebellar hemispheres, but not reaching the tentorium, to and through the foramen 
magnum. It was globoid above and separated the hemispheres, but below, where 
it separated and compressed the cerebellar tonsils, it narrowed considerably into a 



MARTIN-DA VIS— INTRACRANIAL TUMORS 


65 


tonguelike structure. The tumor was soft and friable, but it stayed fairly well 
contained within its thin wall and was eventually wiped completely free of all 
attached brain tissue. It contained much thick, greenish brown, viscid fluid; chips 
of- a hard white substance much like bone; crumbly, yellow masses which looked 
like cholesterol, and many strands of fine hair. Though the brain tissue was in no 
place invaded, the vermis, as such, could not be identified. The histologic diagnosis 
was dermoid (teratoid) tumor. The gross and microscopic appearance of this 
tumor was much the same as that of the tumor in case 1. 

The patient was discharged from the hospital two weeks after her operation, 
and her postoperative course was entirely uneventful. She returned to work two 



Fig. 3. Section from a solid nodule of tissue from a dermoid cyst, showing 
connective tissue, epithelial cells without particular arrangement, fat cells, capillaries 
and clefts filled with cholesterol, in an arrangement commonly seen in dermoid 
(“teratoid”) tumors. Hematoxylin and eosin; X 190. 

weeks later, has since married and has had no recurrence of any of her former 
symptoms (fig. 3). 

Case 4. ^J. V., a boj- aged 2 j-ears, was brought to the hospital because of 
persistent vomiting for eight months, staggering gait for two months and extreme 
fretfulness and loss of appetite. Prior to the onset of the vomiting he had begun 
to walk normally, seemed alert and intelligent but made no attempts at talking. 
The vomiting began with an attack of influenza and continued unabated to the 
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date of admission to the hospital. For two months he had lurched from side to 
side when walking, and if left standing alone would fall either forward or back- 
ward. For one week he had been completely unable to stand. For six months the 
mother had noted a rapid increase in the size of his head and had noticed also that 
he held the head tilted to the left. For three weeks there had been persistent 
internal rotation of the left eye, and it became increasingly obvious that the child 
could not see well. Furthermore, he stopped saying the few words that he had 
managed to learn and emitted only a peculiar grunting sound. 

His birth had been normal; he was well developed and had never received an 
injury to his head. 

When examined he was found to be extremely irritable and easily frightened. 
There was prominent frontal, parietal and occipital bulging of the head, which 
measured 55 cm. in its greatest circumference. He refused to lift his head from 
the pillow. There was a positive Macewen note when the skull was percussed. 
The disks were pale and greatly swollen; the retinal veins were engorged and 
tortuous, and many fine retinal hemorrhages were seen. The right pupil was 
larger than the left; both were dilated and reacted only sluggishly to light. There 
was no nystagmus. The left eye was not moved laterally but rested most of the 
time in a position of internal strabismus. There was no facial weakness and no 
apparent loss. of sensation in the trigeminal area on either side. He used both 
hands and legs equally well. The right knee jerk was greater than the left; 
ankle clonus and a strong Babinski sign were elicited on the right side. There 
was no apparent loss of sensation at any point on the body. Forward flexion of 
the head caused him to cry out with pain. 

Roentgenograms of the skull showed prominent convolutional markings and 
separation of the suture lines. 

A diagnosis of tumor of the posterior fossa, most probably medulloblastoma, 
was made. However, on Feb. 24, 1941, at the time of tlie operation, a change in 
this diagnosis was made, after the head had been shaved and the scalp was being 
prepared. Immediately over the site of the external protuberance there was a 
small scar in the skin, and a low, soft, subcutaneous nodule could be felt. With 
slight pressure a droplet of sebaceous material escaped from the scar, and this 
fact, together with the information obtained in the history that from this area 
a “sebaceous cyst” had been removed when the child was 4 months old, led to the 
diagnosis of dermoid cyst. A midline suboccipital craniectomy was done, and 
immediately a firm, yellow, spherical mass, the size of a small English walnut, 
was observed lying exactly in the midline, just caudal to the external occipital 
protuberance. It appeared to be contained within the layers of the dura mater, 
witli an upward extension by a cordlike process through the bone to the small 
area of scar on the scalp. The mass was opened with the electrocautery, and 
there was an immediate extrusion of thick, cheesy, white and green material, 
together with masses of hair and particles which looked like flakes of cartilage. 
The entire wall of the cavity was cleansed free of this material. It was then 
apparent that the mass did not extend to the subarachnoid spaces but was enclosed 
on all sides by true dura mater. The walls of the cavity were coagulated; the 
remaim'ng dead space was eliminated by fine silk sutures, and the wound was 
closed without drainage. The histologic diagnosis was dermoid (teratoid) tumor. 
Except for the age of the patient, this histor 3 '^ corresponds closely to that in the 
case reported by Quade and Craig,i^ especially as to the location and gross appear- 
ance of the tumor. 

11. Quade, R. W., and Craig, W. M. : Proc. Staff Meet,, Maj'o Clin. 14;4S9, 
1939. 
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The child made a good recovei-y from the operation; his appetite and dis- 
position rapidly improved, and he was soon able to walk steadily when led by one 
hand. Nine months after operation there was still some residual weakness in the 
left lateral rectus muscle. 

Case 5. — S. K., a housewife aged 59, was well until eight years prior to her 
admission to the hospital. At that time she began to notice unsteadiness in gait, 
so that she was soon forced to walk with a cane. Eventually she could walk 
only with assistance. At the same time a loud ringing developed in the left ear, 
which persisted for a year, at the end of which period she became totally deaf in 
that ear. For one year she had had increasing clumsiness in the use of the left 



Fig. 4. Epidermoid tumor. Note the simple arrangement of cells comprising 
the wall of the tumor. The process of superficial desquamation is well illustrated. 
The wiry, striated-appearing mass is composed of fixed cholesterol and epithelial 
debris. Hematoxylin and eosin; x 145. 

arm and hand, and for the same period she had had pronounced double vision on 
looking to either side, so that most of the time the left eye was held shut. For 
eight months she had suffered episodes of projectile vomiting, not related to meals, 
and her weight had decreased 40 pounds (18.1 Kg.). She had occasional headaches 
of a generalized nature. Of recent months there had been a tingling sensation 
in the left maxillary area. There was no historj" of trauma to the head at any 
time, and her past medical and surgical histor 3 ' was without significant incidents. 






68 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


When the patient was first seen in the hospital she vomited readily on sudden 
change in position of the head, always fell to the left when she attempted to 
stand or walk and held her head with the occiput directed toward her left. The 
pupillary reflexes were normal, and the fields of vision were intact. The left pal- 
pebral fissure was slightly wider and the left nasolabial fold appeared shallower 
than the right. There was no papilledema. On looking to either side, she had 



Fig. 5. — ^Wet smear in glycerin of material from an epidermoid. A, a small 
cluster of cholesterol crystals, together with other amorphous material. Note the 
typical notched corner on the crystals. X 225. 

B, free desquamated epithelial cells, frequently seen in such mosaic-like forma- 
tion, all of their five or six sides touching other cells to form sheets, such as are 
shown here. X 300. 

coarse nystagmus, with the quick component to the side of fixation. On her 
looking upward, the left eye did not rotate as far as the right, and nystagmus 
was produced, with the movement upward and to the right. The left corneal 
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reflex was diminished, and though she complained of various peculiar paresthesias 
in the left side of the face, there was no loss of sensation to pain and light touch 
in that area. The caloric test failed to elicit any response whatever in the left 
ear. The palatal and pharyngeal muscles were unimpaired, and she swallowed 
without difflculty. There were pronounced dysmetria and ataxia of both the left 
arm and the left leg. She appeared to have practically no control over the left 
arm when purposeful movements were attempted, though there was no loss of 
muscle power. The left biceps reflex was greater than the right, but otherwise 
there were no variations in either the deep or the superficial reflexes, and no 
pathologic reflexes were present. 

Roentgenograms of the skull showed no changes from the normal. 

On May 26, 1941, a suboccipital craniectomy was performed, with the expecta- 
tion of finding an acoustic neurinoma on the left side. The bone on the left was 
unusually thin for an adult, and the left cerebellar hemisphere was plainly lying 
higher in the operative opening than was the right. The cisterna magna was 
completely collapsed. The right lateral ventricle was tapped, and this reduced the 
intracranial pressure sufficiently ' to allow good retraction of the left hemisphere. 
Immediately there was exposed a shining, white, finely nodular tumor, the size 
and shape of a small hen’s egg, which lay on and stretched over the surface of the 
seventh and eighth nerves and extended down to the eleventh nerve. The brain 
stem was plainly displaced to the right. The tumor appeared to have a thin, 
onion-skin-like capsule and was completely avascular. When the capsule was 
opened, the contents were easily and completely removed with a large dull curet, 
leaving the capsule collapsed like a thin cellophane bag. Then, with gentle trac- 
tion and separation of the capsule from the surrounding structures with wet 
cotton pledgets, the entire capsule was removed, the procedure leaving intact the 
badly thinned-out eighth nerve and the somewhat attenuated seventh nerve. No 
bleeding followed the removal of the capsule from the side of the brain stem. 

The patient made an excellent recovery, left the hospital on the sixteenth 
postoperative day and forty-five days after her operation was walking alone, 
though with residual ataxia. She had gained weight, and the diplopia had 
improved, though there was still some impairment in function of the left abducens 
nerve. The mild weakness of the left side of the face, present before operation, 
was somewhat increased afterward, but this, too, showed improvement one month 
after operation. 

Particles of the tumor had a glistening, white, pearlj’^ appearance, felt oily 
beUveen the finger tips and, when floated in water, produced fine oil droplets. 
Wet smears revealed large masses of cholesterol crystals and much other 
amorphous material, and stained sections showed the capsule to be made up of 
one or two layers of squamous or low cuboidal epithelium arranged in simple 
pattern.^ The tumor contained no other type of material of c 3 'tologic form. The 
diagnosis was, therefore, epidermoid tumor (figs. 4 and 5). 


SUMMARY 

A restatement of the definitions of epidermoid and dermoid is neces- 
sary for the proper use of these terms : 

1. An epidermoid tumor is a benign neoplasm, arising from an 
embryonic inclusion, or nest of cells. The tumor consists of epidermal 
cells in various stages of disintegration, together with variable proportions 
of crystalline cholesterol : This tumor, containing cellular components 
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only from the epidermis, should not be confused with cholesteatoma, 
which is a product of chronic inflammation. 

2. A dermoid tumor is a benign neoplasm, arising from an embryonic 
inclusion or nest of cells, the contents of which may represent part or 
all of the derivatives of the ectoderm. 

3. A teratoid tumor contains representatives from the ectoderm and 
either one of the other two germinal layers. This tumor bridges the 
gap between the true dermoid and the true teratoma, which contains 
components of all three germinal layers. 

In most large series of verified tumors epidermoids are four times 
as common as dermoids, but in our own group of over 700 verified 
intracranial tumors this proportion is reversed. 

Epidermoid and dermoid tumors may become manifest at any age, 
and they do not show any particular relationship to sex, trauma or other 
incidents in the medical history. 

The dermoid occurs at many different intracranial sites, but is fre- 
quently attached to the dura mater, is commonly seen in the midline 
and most often lies below the tentorium cerebelli. The epidermoid is 
practically always located in the cerebellopontile angle. 

Frequently roentgenograms reveal local erosion of bone in the skull, 
with an area of sclerotic bone immediately surrounding the eroded area, 
and within the eroded space flecks of calcium may be visible. Such 
lesions should not be regarded as infallible evidence of the presence of 
an intracranial epidermoid or dermoid tumor, since other intracranial 
tumors may produce the same roentgenologic changes. 

These tumors may be operated on successfully. In all 5 of our cases 
the patient has completely recovered from the operation. Two patients 
who were not immediately relieved of all their neurologic symptoms were 
greatly improved immediately after operation and are still improving. 

Northwestern University Medical School, Chicago. 



SIBLING DEATHS IN THE ANAMNESES OF 
SCHIZOPHRENIC PATIENTS 


SAUL ROSENZWEIG, Ph.D. 
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DOUGLAS BRAY, M.A. 

WORCESTER, MASS. 

In the course of an intensive study of several schizophrenic patients 
the incidental observation was made that the anamnesis contained one 
or more sibling deaths. The experience of such deaths appeared to 
have a clear dynamic relationship to the psychotic mechanisms and 
symptoms of these particular patients. It thus seemed desirable to 
investigate the frequency of such frustrating situations and, even at 
the risk of obscuring the important individual dynamics, to approach 
the problem at first on a purely statistical plane. By comparing the 
frequency of sibling deaths in the early life history of schizophrenic 
patients with their occurrence in the early experience of other psychotic 
patients and in that of a group of normal persons the empiric fact could 
be evaluated. The elucidation of the results, if positive, was conceived 
to follow as a more or less independent qualitative study. 

METHOD OF INVESTIGATION 

The present initial study was limited to males to make possible the accumulation 
of a homogeneous group of cases sufficiently large for statistical analysis. In 
examining the case records and questionnaires from which the data of this study 
were gathered attention was centered on the occurrence of sibling deaths. Since 
such deaths were regarded as of possible significance in the psychosis only if they 
occurred during the patient’s lifetime and previous to the onset of his illness, only 
sibling deaths which happened after the patient’s birth and before the onset of the 
psychosis were included. Since, furthermore, the onset of the schizophrenic 
psi’^chosis is often insidious and difficult to determine but is generally held to 
lie somewhere in adolescence, the psychosis was arbitrarily assumed for all cases 
in the study to have appeared by the end of the eighteenth year. Concretely, 
therefore, all sibling deaths which took place after the birth of the patient and 
before the beginning of his nineteenth year of life were counted as of possible 
significance. Such conditions would obviously have much less, if any, value for 
the control groups, but for control purposes they were necessarily invoked 
there too. 

The data on the psychotic patients were obtained from the examination of 
640 case records at the Worcester State Hospital. These records were selected 

From the Research Service of the Worcester State Hospital. 

This investigation was aided by a grant from the Rockefeller Foundation. 
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from three diagnostic groups; (1) patients with schizophrenia, in which the chief 
interest of the study lay; (2) patients with manic-depressive psycliosis, and (3) 
patients with dementia paralytica. The last two served as control psychotic groups. 

Rigorous criteria were established for the acceptance of case records. All 
records in which definite information about sibling deaths was given were included. 
Statements such as “two brothers died in infancy” were not acceptable since they 
left doubt as to whether the patient was yet born. While, in keeping with the 
criteria, no case record was included unless the information on sibling deaths was 
unambiguous, this provision was not extended to all sibling deaths mentioned. 
For most purposes in the present stud}' the percentage of subjects with a sibling 
death rather than the characteristics of the dead siblings was of chief interest. 
An}' case in which unequivocal data on some one dead sibling were given could 
therefore be included. When the death of a sibling was not mentioned, the record 
was retained only if the informant was mother, father, brother, sister or some 
other person who, to judge from the general quality and detail of the childhood 
information, would apparently have known of such a death had it occurred. 

By these criteria only 356, or 56 per cent, of the 640 case records examined 
were found adequate. Table 1 shows the distribution of the records for each 


Table 1. — Percentage of Adequate Case Records for Each Psychotic Group 



Number of 

Number of 



Case Histories 

Case Histories 

Percentage 

Piagnostic Group 

Examined 

Accepted 

Accepted 

Schizophrenia 


124 

64 

Manic-depressive psychosis 


102 

54 

Dementia paralytica 


130 

61 

Total 


356 

66 


diagnostic group. While the differences in the percentages of adequate records 
are not statistically significant, the fact that the greatest number was obtained 
for the group with schizophrenia and the smallest for the group with dementia 
paralytica is possibly explained by the modal age of onset of the psychosis. The 
earlier the onset the greater the likelihood that a member of the immediate family 
will be still alive to provide the early history. Moreover, the schizophrenic patients 
in the study consisted largely of a special research group on whom data had been 
obtained rather carefully. 

From each of the 356 adequate case records the following items of information 
were taken: diagnosis, age, age at onset of psychosis, total number of siblings, 
patient’s ordinal position in the family, occurrence of sibling deaths, age of patient 
at time of such deaths, relative difference in age between the patient and the 
dead sibling, death of mother or father and age of patient at time of such death. 
For most of the patients additional data were gathered concerning religion, educa- 
tion, native country and parents’ native country. The information beyond that 
directly concerned with death of siblings was included to serve as a context for 
the final analysis of the results. 

Normal control data were gathered by a questionnaire covering the chief points 
listed in the preceding paragraph. It was sent to 250 persons comprising 
a group of attendants at the Worcester State Hospital, applicants at the United 
States Employment Office in Worcester, Mass., members of the Worcester 
Y. M. C. A. and classes at Clark University, American International College and 
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Tufts College.i Socioeconomically, the hospital attendants and employment office 
applicants were regarded as approximately matched with the psychotic patients, 
since they represented either a low income group ($10 per week plus maintenance) 
or the unemployed. To test this matter with the other groups sampled, the 
Y. M. C. A. members and two of the college groups (Clark University and American 
International College) were asked to indicate their average monthly rentals. The 
median of these amounts was $37, which is slightly higher than that found by 
Faris and Dunham ^ (page 243) for schizophrenic patients as a group but lower 
than the figures for patients with dementia paralytica and manic-depressive psy- 
chosis. Since it is impossible to determine how closely the patients at the Wor- 
cester State Hospital resembled socioeconomically those investigated by Faris and 
Dunham in Chicago, this comparison is at most indicative of only a rough match- 
ing between the normal and the psychotic subjects in the present study. For 
this reason special care must be exercised in the evaluation of such differences 
between the groups as are revealed by the data. 

Table 2. — Percentage of Subjects with a Sibling Death During the 
Subject’s Childhood or Adolescence 


Group 


Number with 
Number of Sibling 

Subjects Deaths 


Percentage 


Standard 
Deviotion of 
Percentage 


Schizophrenia 

124 

49 

39.5 

Manic-depressive psychosis 

102 

20 

25.5 

Dementia paralytiea 

130 

30 

23.1 

Normal subjects 

230 

41 

16.4 


Critical ratios of percentage differences: 

Schizophrenia : manic-depressive psychosis 

Schizophrenia : dementia paralytica 

Schizophrenia ; normal subjects 

Manic-depressive psychosis : dementia paralytica 

Manic-depressive psychosis : normal subjects 

Dementia paralytica : normal subjects 


±0.044 

±0.042 

±0.037 

±0.022 


2.30 

2.88 

4.72 

0.42 

1.90 

1.49 


As a final control — in a sense supplementary to the sample of normal subjects 
just described — the life expectancy tables of the United States Bureau of the 
Census were consulted. An effort was made to discover from them the extent 
to which the incidence of sibling deaths for the present subjects agreed with the 
general expectancy of such deaths for the whole population. This control was 
designed to bring out any difference there might be between the schizophrenic 
and the other groups when the sibling deaths actually found and those theoretically 
expected were compared. 

RESULTS OF STUDY 

From the data yielded by the case records and the questionnaires 
the percentage of subjects with sibling deaths as previously delimited 
was ascertained. The results are presented in table 2. The schizophrenic 
patients clearly had more brothers and sisters who died than did any 
of the other groups, the percentage being 39.5. On further analysis of 

1. These institutions cooperated generously in this study, 

^ 2. Faris, R. E. L., and Dunham, H. W. : Alental Disorders in Urban Areas, 
Chicago, Universit}' of Chicago Press, 1939. 
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the data, the various subtypes did not appear to be significantly differ- 
entiated in this connection, though the groups involved were too small 
for statistical reliability. The value for the schizophrenic patients as 
a whole was 14 per cent higher than that for the group with manic- 
depressive psychosis. The group with dementia paralytica came next, 
with 23.1 per cent. The normal group was lowest, with 16.4 per cent. 
The critical ratios of the differences between the percentages show 
that the schizophrenic group varied in a statistically reliable way from 
both the normal group and the groups with dementia paralytica.® The 
critical ratio of 2.30 between the schizophrenic group and the group with 
manic-depressive psychosis was more problematic. However, even here 
there were 98.9 chances out of 100 in favor of a real difference. There 
was no other critical ratio over 2.00. 

As previously noted, the normal gi'oup should be scrutinized more 
carefully. There is a possibility that it was too heavily Aveighted with 
college students to be representative despite the rough socioeconomic 
matching already mentioned. In order to test this possibility, all college 
students were excluded from the group. Hospital attendants, unem- 
ployed men and a few Y. M. C. A. members — a total number of only 
77 — were now left. Of these, 15, or 19.5 per cent, showed sibling deaths, 
as compared with 16.4 per cent for the whole normal group. The 
critical ratios were the same as before. The schizophrenic patients 
had significantly more sibling deaths than the normal subjects (critical 
ratio 3.17), but there were no significant differences between the 
normal subjects and the other two psychotic groups. The normal sample 
was not, then, particularly distorted, if at all, by the inclusion of the 
college students in question. 

Thus far the number of patients in whose family history a sibling 
death was encountered has been considered. It may now be noted further 
that any particular patient, or normal subject, might have more than 1 
such death in his anamnesis. It is of interest to inquire as to the gross 
number of sibling deaths found among schizophrenic patients as com- 
pared with the number for other groups. The figures are given in 
table 3. The data show that for the 124 schizophrenic patients there 
were 67 sibling deaths, or 54 per hundred. For the 102 patients with 
manic-depressive psychosis the corresponding figures were 37 and 36 
respectively; for the 130 patients with dementia paralytica, 39 and 30, 
and for the 250 normal subjects, 46 and 18. On this basis the schizo- 
phrenic patients were even more sharply distinguished from the other 
groups of subjects than when the percentage of patients with a sibling 

3. In this paper a critical ratio of 2.78 — McCall’s criterion (How to Measure 
in Education, New York, The Macmillan Company, 1922, page 404)— is taken as 
indicating practical certainty. Such a ratio means that there are 9,973 chances 
out of 10,000 that there is a real difference between the groups. 
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death in the anamnesis was considered. The critical ratios for the 
differences per hundred between the schizophrenic and the other groups 
were all high. The only questionable ratio, again, concerned that for 
the schizophrenic patients and the patients with manic-depressive psy- 
chosis— a result which is substantiated by the significant difference 
further found between patients with manic-depressive psychosis and 
normal subjects. This fact will be considered in the interpretation of 
the results. 

If a sibling death is interpreted as having a given effect on survivors, 
the present results may point to a- reenforcing factor, since they show 
not only that more schizophrenic patients have a sibling death in their 
anamnesis but that they have a considerably higher per hundred rate of 
such deaths than do other groups. In the sequel, however, it will for 
the most part be the percentage of patients with sibling deaths rather than 

Table 3. — Total Number of Sibling Deaths 


■ ^Number oi Number per 



Number of 

Sibling 

Hundred 

Group 

Subjects 

Deaths 

Subjects 

Schizophrenia 


G7 

54 

Manic-depressive psychosis 


37 

3G 

Dementia paralytica 


39 

30 

Normal subjects 


4C 

18 


Critical ratios of diflercnces per hundred: 

Schizophrenia : manic-depressive psychosis 

Schizophrenia : dementia paralytica 

Schizophrenia : normal subjects 

Manic-depressive psychosis : dementia paralytica 

Manic-depressive psychosis : normal subjects 

Dementia paralytica : normal subjects 


Standard 

Deviation 

±0.&15 

±0.048 

±0.040 

±0.025 


2.73 

4.00 

0.93 

0.97 

3.33 

2.50 


the number of sibling deaths per hundred patients in a group which will 
be alluded to, since it is the extent of this type of event rather than its 
concentration which must in the first instance be given attention. 

The fact that schizophrenic patients had a sibling death in their 
anamnesis significantly more often than did normal subjects or patients 
with dementia paralytica, and considerably more often than did patients 
with manic-depressive psychosis, has now been presented. It becomes 
necessary to inquire as to possible extraneous variables which may 
account for this difference.^ One possible factor of this sort is average 

4. In view of the decreasing mortality rates for recent years, it should perhaps 
be considered in passing whether any error from this source is present in the 
results. The mean age expressed in years for each of the groups of subjects 
was as follows: schizophrenic patients, 28; patients with manic depressive psy- 
chosis, 46; patients with dementia paralytica, 45, and normal subjects, 26. From 
these figures it is easy to deduce that if an experimental error due to change in 
mortality rates is present, it must be reflected in the data for the subjects with 
manic-depressive psi'chosis and dementia paralytica, who were about 20 years 


(Footnote continued on next page) 
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family size, for it is obvious that persons from larger families would 
have more chances of a sibling death. Table 4 presents the mean family 
sizes of the various groups of subjects for all cases in which this 
information was obtainable and shows that the schizophrenic patients 
did in fact come from the largest families. The mean number of siblings 
was 5.7. The average number for patients with dementia paralytica 
was 5.3, and for the patients with manic-depressive psychosis and the 
normal subjects the means were 4.7 and 3.7 respectively. The critical 
ratios between the various means indicate that the normal group had 
significantly fewer siblings per subject than any of the psychotic groups. 
This result suggests that though the normal group might be close 
to the psychotic groups in economic status, the college subgroup possibly 
represented a selection on the basis of small families. There was no 

Table 4. — Mean Number of Siblings in the Families of the Various 

Groups of Subjects 


Mean Standard 

Number of Deviation 


Group Siblings of Mean 

Schizophrenia 5.7 ±0.0277 

Manic-depressive psychosis 4.7 ±0.295 

Dementia paralytica 6.3 ±0.250 

Normal subjects 3.7 ±0.335 

Critical ratios of differences: 

Schizophrenia : manic-depressive psychosis 2.44 

Schizophrenia ; dementia paralytica 3.05 

Schizophrenia ; normal subjects 6.45 

Manic-depressive psychosis : normal subjects 3.03 

Dementia paralytica ; manic-depressive psychosis 1.54 

Dementia paralytica : normal subjects 5.52 


significant difference in this respect between schizophrenic patients and 
patients with dementia paralytica or between the latter and the patients 
with manic-depressive psychosis. There is, however, a strong indication 
(critical ratio 2,44) that the patients with manic-depressive psychosis 
had fewer brothers and sisters than the schizophrenic patients. 

It having thus been found that schizophrenic patients do come from 
larger families, it becomes necessary to test whether the incidence of 
sibling deaths is greater among schizophrenic patients when the size 
of the family is controlled. 

older than the others, and would make for a death incidence somewhat too high 
for comparative purposes. Since, however, the death incidences for' these control 
psychotic groups were definitely lower than the mortality rate for the experi- 
mental group of schizophrenic subjects — ^and in this lies the point of the comparison 
— any such possibility of error must be construed as having attenuated the reported 
differences. The difference between the schizophrenic and the normal group, on 
the other hand, is so small as to be negligible. 
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Table 5 gives the percentage of sibling deaths for each family size 
in every group. (In a few instances the size of the family could not 
be ascertained, and these cases had therefore to be omitted.) In general 
the schizophrenic patients appeared to have the highest percentages of 
sibling deaths regardless of family size. There were only two points at 
which the figures for the schizophrenic group fell much lower than the 
percentages for the other groups. One was at the 2 sibling level, where 

Table 5. — Percentage of Sibling Deaths According to Sice of Family 


Manic-depressive Dementia 

Schizophrenia Psychosis Paralytica Normal Subjects 



Number 

Percentage 

■with 

Number 

Percentage 

■with Number 

Percentage 

with 

Number 

Percentage 

with 

Pamily 

of 

Sibling 

of 

Sibling 

of 

Sibling 

of 

Sibling 

Size 

Patients 

Deaths 

Patients 

Deaths 

Patients 

Deaths 

Subjects 

Deaths 

1 

5 


10 

9 


S3 


2 

8 

6 

5 

0 

11 

6 

51 

io 

3 

19 

16 

16 

G 

12 

0 

49 

16 

4 

22 

41 

10 

10 

18 

6 

38 

13 

5 

17 

59 

10 

30 

16 

31 

29 

10 

C 

14 

14 

16 

21 

8 

38 

23 

30 

7 

7 

43 

12 

33 

14 

29 

10 

38 

8 

8 

56 

2 

50 

14 

46 

7 

29 

9 

9 

67 

8 

50 

6 

67 

1 

0 

10 

4 

75 

2 

60 

3 

07 

3 

07 

11 

2 

100 

0 

1 

0 

0 


12 

1 

100 

2 

100 

4 

75 

0 


13 

4 

75 

2 

100 

1 

100 

1 

0 

14 

0 


1 

100 

0 


0 


15 

1 

0 

0 

0 


0 


16 

1 

100 

0 

0 

•• 

0 

•• 


Table 6.- — Percentage of Subjects with Sibling Deaths in Families 
of Two to Six Children 


Group 

Number of 

Number with 
Sibling 

Percentage 
with Sibling 

Subjects 

Deaths 

Deaths 

Schizophrenia 


24 

30 

Manic-depressive psychosis 


7 

12 

Dementia paralytica 


9 

14 

Normal subjects 


31 

16 


none of the psychotic groups showed a sibling death. The normal 
subjects here showed 16 per cent. The other point was at the 6 sibling 
level, where the percentage of sibling deaths for schizophrenic patients 
fell to 14. Because of the large percentages immediately above and 
below this level, the last figure may perhaps be regarded as a chance 
fluctuation. 

Since the number of cases for each family size is small, it is desirable 
to reduce the subdivisions by grouping. Families of 6 children or less 
may be considered first. Families with only 1 child naturally are excluded 
here. The results are presented in table 6, from which it appears that 
the schizophrenic group had '30 per cent sibling deaths while the group 
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with manic-depressive psychosis and the group witii dementia paralytica 
showed 12 and 14 per cent respectively. The normal group had- 16 
per cent. 

Families of 2, 3 and 4 children may next be examined. These 
family sizes are smaller than the average in any of the psychotic groups. 
The results are given in table 7. The schizophrenic patients, again, 
had the largest percentage of sibling deaths, 24, as compared with the 
group with manic-depressive psychosis, with 7, the group with dementia 
paralytica, with 2, and the normal group, with 15, 

Another method for controlling the size of family and patient’s posi- 
tion in the family was suggested b}"- Dr. Forrest E. Linder,® of the 
United States Bureau of the Census. This procedure utilizes a publica- 
tion of the Bureau of the Census ® for determining the probability that 
at least 1 sibling will die in the family of any given subject after that 
subject’s birth but before he is 19 years old. The method consists 
essentially in calculating the probability of the death of each sibling 

Table 7. — Percentage of Subjects with Sibling Deaths in Families 
of Two to Four Children 


Number wltb 

Number of Sibling 


Group Subjects Deaths Percentage 

Schizophrenia 49 11 24 

Manic-depressive psychosis 31 2 7 

Dementia paralytica 41 1. 2 

Normal subjects 138 21 15 


in a hypothetic family of the same size and sibling configuration as the 
subject’s family and then determining the total probability of at least 
1 such death in the family.® Linder’s method was slightly modified in 
its application here to make it practicable for the data on psychotic 
patients, for it was not always possible to ascertain the exact ages of 
their individual siblings. The spacing between children was accordingly 
assumed to be two years in all cases and in all groups. Moreover, 
only the life tables for males were used.^ To eliminate the effects of 
extremely large families and of only children, the subjects coming from 
families of from 2 to 9 siblings were alone considered. The results 
obtained with this life table method were compared with those given 
by the actual examination of the case records to determine how closely 
the samples employed in the present study were representative of the 

5. Dr. Linder gave helpful suggestions in the present connection and made a 
critical reading of the manuscript. For details of the method see the appendix. 

6. Vital Statistics — Special Reports, 1930, United States Department of Com- 
merce, Bureau of the Census, 1936, vol. 1, no. 20, pp. 389-399. 

7. The validity of the two foregoing modifications is considered in the 
appendix. 
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total population of the United States in mortality rates. Any isolated 
deviation might indicate that the sample in question represented a 
unique frequency of sibling deaths. 

Table 8 presents the figures empirically obtained as compared with 
those to be expected from the life tables. Of the 211 normal persons 
falling within the prescribed range of family sizes, 37.1, or 18 per cent, 
would be expected to have had sibling deaths. In actuality they had 38, 
or 18 per cent. The agreement is exact. The agreement for the figures 
for the group with dementia paralytica and that with manic-depressive 
psychosis is nearly as close. For the 99 in the former group, 28.7, or 29 
per cent, Avould be expected, whereas 23, or 23 per cent were found 
empirically. For the 79 in the latter group, 20.3, or 26 per cent, would 
be expected, while 18, or 23 per cent, were actually found. The differ- 
ences between the theoretic expectations and the empiric findings for 
these two groups are therefore small, — 6 and — 3 per cent respectively, 


Table 8. — Number of Subjects Expected and Found to Have 

Sibling Deaths 


Group 

Total 
Number of 

Number 

Percentage 

Number 

Percentage Percentage 

Subjects 

Expected 

Expected 

Pound 

Pound 

Difference 

Schizophrenia 

104 

24.8 

24 

38 

37 

-fl3 

Manic-depressive psychosis.. 

79 

20.3 

26 

18 

23 

— 3 

Dementia paralytica 

99 

28.7 

29 

23 

23 

— C 

Normal subjects 

211 

37.1 

18 

38 

18 

0 


and indicate that slightly fewer deaths were found in the case records than 
would be expected from the life tables. Of the 104 schizophrenic patients, 
however, 24.8, or 24 per cent, would be expected to have had sibling 
deaths associated with them, whereas 38, or 37 per cent, actually did 
have. Here the difference is 13 per cent, a result showing that this 
group of subjects had considerably more sibling deaths than would be 
expected from the life tables and that the deviation thus probably repre- 
sents a unique rate. This finding is the more striking because the other 
three groups, by their close agreement between expected and actual 
figures, tend to support the validity of this method for controlling family 
size and the patient’s position in the family. 

It may be concluded from the two foregoing methods of controlling 
family size — one based on matching for number of siblings and the other 
utilizing life table expectancies — ^that schizophrenic patients appear to 
have more sibling deaths in their life histories up to the age of 19 years 
than do the other groups of subjects, regardless of the number of siblings 
in the family. It is not possible to account for the discovered difference 
in frequencies of sibling deaths on the basis of family size. 
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Another variable which must be considered in evaluating the results 
on sibling deaths is the socioeconomic status of the various groups. Since 
all of the patients in the stud}^ were drawn from one state hospital, it was 
considered that they were representative of approximately the same level 
in this regard. It will be recalled that an effort was also made to 
evaluate the extent to which the normal subjects resembled the patients 
in socioeconomic status by reference to monthly rentals, and it appeared 
that a rough similarity existed. However, the degree to which the 
various groups of subjects were matched on this point cannot be regarded 
as completely adequate, and further investigation should direct itself 
toward a better control of this factor. In the meantime it must be 
borne in mind that by the ps 3 'chodynamic interpretation shortl}’^ to be 
considered the lower socioeconomic levels might through their higher 
death rate more readily provide one of the very conditions necessary for 
the development of schizophrenia. Whether such deaths are truly 
determinative can, however, be ascertained only bj’- a study of families 
of schizophrenic patients and control families in the higher socioeconomic 
levels, in which a significantly greater frequency of deaths for the schizo- 
phrenic than for the other groups could not possibly be attributed to 
economic conditions and would point unambiguously to some selective 
aspect of schizophrenia itself.® 

Having considered the possible effect of extraneous variables on 
the observation that schizophrenic patients have a significantly high 
incidence of sibling deaths in their life histories, such qualifying infor- 
mation about these deaths as is available may now be presented.®® The 
first point of this kind concerns the sex of the dead siblings. The data 
on the 56 dead siblings of schizophrenic patients for whom the required 
sex designation could be obtained showed that 30, or 54 per cent, were 

8, Though the results of the present study converge at this point with those 
of Paris and Dunham,- it is unfortunate that their data are not sufficiently com- 
parable to permit of any significant conclusions. While emphasizing that schizo- 
phrenia tends to increase as one approaches the more disorganized ecologic areas 
of their investigation, they fail to bring this fact into relation with an almost 
identically parallel trend in the death rate, as shown in table 76 in their book. 
Possibly their concept of “isolation” is intended to cover the latter relationship 
by implication, but from the standpoint of the present study there arises the ques- 
tion whether this relation did not deserve a much more prominent place in their 
analysis. For it is conceivable that this relationship between death rate and 
ecologic area specifies an important constituent of “isolation” in the same manner 
as the presence of the Anopheles mosquito is a more specific condition for the 
incidence of malaria than is a swampy, hot habitat. 

8a. Such qualifications regarding the deaths of the normal subjects are not 
given, since the interest of the study was obviously limited to the deaths in the 
schizophrenic group. Comparison with the other subjects was necessary for control 
purposes only where the statistical significance of the frequency of deaths in the 
schizophrenic group was in question. 
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males and 26, or 46 per cent, were females. In statistical terms, there- 
fore, the sex of the dead siblings cannot he regarded as having any 
significance. 

Another matter of interest is the patient’s position in the family. 
Though it has been shown by Malzberg® that position in the family 
does not in general correlate with incidence of psychosis, it seemed worth 
while to inquire whether some such relationship might not exist in the 
present, more specialized situation. Concretely, the attempt was made 
to ascertain whether the schizophrenic patients with sibling deaths fell 
more frequently in the upper or the lower half of the family. It was 
found that 72 per cent belonged in the former and 28 per cent in the 
latter position. 

Further information in the same connection is found in the answer 
to the question whether the patient was more often older or younger 
than his dead brother or sister. In this inquiry it was necessary to 
count all dead siblings (but only those for whom 'the necessary infor- 
mation could be obtained), since it was impossible to tell which sibling 
death to select for a given patient. In some instances the same patient 
had, accordingly, to be included more than once in the calculations, 
and the results are therefore open to some question. What they show 
is that of the 61 dead siblings considered, 47, or 77 per cent, were 
younger while 14, or 23 per cent, were older than the patient. The 
preceding result is thus corroborated. 

A further problem concerns the age of the schizophrenic patient at 
the time of the sibling death. In view of the generally recognized psy- 
chologic vulnerability of the child, it seemed well to inquire as to the 
proportion of sibling deaths which occurred while the subjects were 
very young. The number of sibling deaths taking place before the 
subject’s sixth year of life was accordingly determined. Here, again, 
as with the preceding data, it was necessary to count all dead siblings 
(but only those for whom the required information could be obtained), 
so that the figures are not completely consistent with those presented 
earlier. It was found that of the 61 sibling deaths for the 118 schizo- 
phrenic patients, 34, or 56 per cent, occurred before the patient was 
6 years old — a six year span — while 27, or 44 per cent, occurred between 
the patient’s sixth and nineteenth year — a thirteen year span. There 
is thus a clear tendency for these deaths to concentrate in the early 
childhood years of the patient — a fact which may represent an important 
qualification of these events from the standpoint of psychologic experi- 
ence. 

The data on sibling deaths having thus been presented, some sup- 
plementary observations on the death of parents may now be considered. 

9. Malzberg, B. : Is Birth Order Related to the Incidence of Mental Disease? 
Am. J. Phys. Anthropol. 24:91-104, 1938. 
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The relationship between psychosis and parental death has been pre- 
viously investigated by Barry and by Barry and Bousfield.^’- Barry’s 
study was o£ a historical nature, showing that twice as many insane 
as sane kings had lost their fathers earl}’’ in life. Barry and Bousfield 
determined the percentage of a group of 1,500 psychotic persons who 
had lost either parent by the age of 12 years. They found that 27.6 per 
cent had experienced such a death, as compared with 20 per cent for 
normal control data. No differentiation among the psychoses was made 
in their study. 


Table 9. — Paternal, Maternal and Parental Deaths Among 
Psychotic and Normal Subjects 




Number with 


Standard 


Number of 

Death of 


Deviation of 

Group 

Subjects 

a Parent 

Percentage 

Percentage 


Paternal Deaths 




Schizophrenia 

117 


25 

21 

+0.037 

Manic-depressive psychosis 

05 


9 

10 

-H).030 

Dementia paralytica 

112 


11 

12.5 

^.032 

Normal subjects • 

1G4 


19 

12 

±0.024 

Critical ratios of percentage differences: 





Schizophrenia ; manic-depressive psychosis... 




2.29 

Schizophrenia : dementia paralytica 




1.73 

Schizophrenia : normal subjects. 





2.05 


Maternal Deaths 




Schizophrenia 

116 


8 

7 


Manic-depressive psychosis 

06 


8 

8 


Dementia paralytica 

121 


8 

7 


Normal subjects 

162 


1 

3 



Parental Deaths 




Schizophrenia 

117 


33 

28 

-W).041 

Manic-depressive psychosis 

96 


17 

17.5 

-+D.039 

Dementia paralytica 

121 


22 

18 

-4-0.035 

Normal subjects 

161 


23 

14 

±0.026 

Critical ratios of percentage differences: 





Schizophrenia : manic-depressive psychosis. . . 




1.84 

Schizophrenia : dementia paralytica 




1.82 

Schizophrenia ; normal subjects 





2.86 


In the present investigation the number and percentage of paternal, 
maternal and total parental deaths before the subject’s nineteenth year 
were determined for all groups separately. (In some instances, particu- 
larly among the normal subjects, the information could not be obtained, 
and the totals for the groups thus vary somewhat from those previously 
given.) The results are shown in table 9. Of the schizophrenic group 
21 per cent had lost their fathers, whereas only 10 per cent of the group 
with manic-depressive psychosis, 12.5 of the group with dementia para- 
lytica and 12 per cent of the normal group had had such a loss. Maternal 

10, Barry, H. : Orphanhood as a Factor in Phychoses, J. Abnorm. & Social 
Psychol. 30:431-438, 1936. 

11. Barry, H., and Bousfield, W. A.: Incidence of Orphanhood Among Fifteen 
Hundred Psychotic Patients, J. Genet. Psychol. 50:198-201, 1937. 
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deaths occurred infrequently — 3 to 8 per cent — among the present sub- 
jects, and at no point did the groups show any particular differentiation 
in this respect. When parental deaths as a whole were considered, the 
schizophrenic groups once more had the highest incidence, 28 per cent, 
as compared with 17.5 per cent for the group with manic-depressive 
psychosis, 18 per cent for the group with dementia paralytica and 14 
per cent for the normal group. Moreover, the critical ratio of the per- 
centage difference between the schizophrenic and the normal group was 
now 2.86 and was thus statistically significant. The other critical ratios 
were all below the level of significance. The present results corroborate 
those of Barry and Bousfield, but indicate further that it is chiefly in 
the schizophrenic group that the higher incidence of parental deaths 
among psychotic patients is apparently found. They also show that it 

Table 10. — Incidence of Sibling or Parental Deaths Among 
Psychotic and Normal Subjects 


Standard 

Number of Number with Deviation of 

Group Subjects Deaths Percentage Percentage 


Schizophrenia 118 72 

Manic-depressive psychosis 9G 32 

Dementia paralytica 121 60 

Normal subjects 104 40 


Critical ratios of percentage differences: 

Schizophrenia : manic-depressive psychosis 

Schizophrenia : dementia paralytica 

Schizophrenia : normal subjects 

Manic-depressive psychosis : normal subjects 

Dementia paralytica : manic-depressive psychosis 
Dementia paralytica : normal subjects 


01 ±0.045 

83 ±0.048 

41 ±0.045 

28 ±0.035 


4.24 

3.12 

5.70 

0.85 

1.21 

2.28 


is in respect to paternal rather than to maternal deaths that the higher 
incidence appears. 

The results on parental deaths may now be considered in association 
with those on sibling deaths. According to the combined results, pre- 
sented in table 10, 61 per cent of the schizophrenic group had either 
a sibling or a parental death before the age of 19 years. 

The corresponding figure for the group with manic-depressive psy- 
chosis was 33 per cent, for the group with dementia paralytica 41 per 
cent and for the normal group 28 per cent. Here for the first time 
every critical ratio for the difference between the schizophrenic and each 
of the three control groups is statistically significant — 5.79 for the normal 
group, 4.24 for the group with manic-depressive psychosis and 3.12 for 
the group with dementia paralytica. None of the other critical ratios 
reach the level of statistical significance. 

It may, then, be concluded that in the life histories of male schizo- 
phrenic patients immediate familial deaths before the patient arrives at 
the nineteenth year are found significantly more often than is true of 
, patients with manic-depressive psychosis or dementia paralytica or of 
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normal subjects. The schizophrenic subtypes do not appear to be 
particularly difterentiated in this respect. Of the patients studied, 61 
per cent showed a sibling death, a parental death or both. Sibling deaths 
distinguished the schizophrenic patients much more sharply from the 
control groups than did parental deaths. The sibling deaths, which were 
found in 39.5 per cent of the anamneses, usually involved persons younger 
than the patient and occurred more often than not before the patient’s 
sixth year. The dead siblings were as often males as females. Such 
extraneous factors as family size and family configuration do not appear 
to account for the sibling death figures, but it should be added that until 
a larger number of subjects has been studied, particularly female patients, 
and the factor of socioeconomic status has been more fully controlled, 
the present results must be regarded as indicating merely a strong pre- 
sumptive trend. 

INTERPRETATION 

On the assumption that it is generally true, as has been shown for 
the patients in the present study, that schizophrenic patients more fre- 
quently have sibling deaths in their life histories than do other persons, 
the question of explanation naturally arises. Three possible avenues of 
theoretic interpretation appear to be open. 

1. The first, and in some senses the simplest, view of the matter is 
that the families of which schizophrenic persons are members suffer 
from a general constitutional weakness that manifests itself concomi- 
tantly in the occurrence of many sibling deaths and in the schizophrenic 
disease process. This may be called the somatogenic view. Such an 
interpretation would accord with certain direct, though fragmentary, evi- 
dence and with a more or less generally held opinion that schizophrenia 
is rooted in a constitutional predisposition. No evidence in addition to 
that already given can be offered here either in proof or in disproof 
of this hypothesis. A possible approach to the problem in future study 
lies in the relationship which some investigators believe to exist between 
the tuberculous and the schizophrenic diatheses.^^ 

2. While the somatogenic view tends to relegate both the sibling 
deaths and the schizophrenic disease process to a common cause, and 
thus makes them essentially independent of each other, a second possible 
interpretation might regard these two facts as interdependent, the sibling 
death serving as a basis for the schizophrenic process. By placing chief 

12. Lewis, N. D. C. : The Constitutional Factors in Dementia Praecox, Ner- 
vous and Mental Disease Monograph 35, New York, Nervous and Mental Disease 
Publishing Company, 1923. Luxenburger, H.: Tuberkulose als Todesursache in 
den geschwisterschaften Schizophrener, Manisch-Depressiver und der Durch- 
schnittsbevolkerung, Ztschr. f. d. ges. Neurol, u. Psychiat. 109:313-340, 1927; 
Ueber weitere Untersuchungen zur Frage der Korrelation von schizophrene Anlage 
und Widerstandsschwache gegen die tuberkulose Infektion, ibid. 122:74-89, 1929. , 
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stress on the psychologic effects of the sibling death as experienced by 
the surviving sibling, this view goes to the other extreme from that 
of the somatogenic and may therefore be called the psychogenic inter- 
pretation. In its context are relevant the observations of Freud as to 
the potentially powerful effects of the father’s death and the hypothesis 
of Zilboorg that the death of close relatives or friends in the early 
life experience of a person may serve as a basis for later suicidal ten- 
dencies. It may be noted that it was such psychologic aspects of the 
problem that, in the study of several individual patients, first drew 
attention to the possible significance of sibling deaths in schizophrenia. 

The psychogenic interpretation would begin by pointing to the great 
importance of sibling rivalry. From the psychoanalytic standpoint such 
rivalry is essentially a struggle to gain or to retain the love of the mother 
in the earliest 3^ears of life. It is thus in certain respects similar to the 
Oedipus situation, in which the male child is a rival of the father for 
the mother’s love. If, now, with reference to the data of the present 
stud}’’, a male child who is firmly entrenched in the mother’s love is 
thought of as suddenly confronted with a sibling that threatens to dis- 
place him, intense hostility may be presumed to develop. Rivalry 
would not be limited necessarily to sibling displacement, since it might 
be felt toward an older sibling also, but it would probably be maximal 
when the rival was a newcomer. In any case the hostility involved 
may be supposed to extend, where the young child is concerned, even 
to death wishes. In most instances there would exist along with such 
hostile trends strong libidinal components from various sources. For 
example, if the displacing sibling were a female, she might in some 
respects serve as a surrogate for the mother and atone, as it were, for 
her rivalry by offering the male sibling some degree of feminine love 
herself. If the rival sibling were a male, he might serve as a father 
surrogate and help mediate the solution of the Oedipus problem by 
the establishment of homosexual bonds. But whatever the source of 
such libidinal accompaniments of the hostility in sibling rivalry, the 
outcome would be the same: a highly ambivalent relationship between 
the siblings. It is on such intense ambivalence that any extreme effect 
of the sibling death would probably depend in the end. 

With such a background — intense hostility to the displacing sibling, 
complicated in some degree by contravalent libidinal trends — let it now 
be supposed that the rival sibling dies. The hostile wishes against the 
rival would even in his lifetime have been accompanied by a counter- 

13. Freud, S. : Interpretation of Dreams: Authorized Translation of Third 
Edition with Introduction by A. A. Brill, London, Allen & Unwin, 1913. 

14. Zilboorg, G. : Differential Diagnostic Types of Suicide, Arch. Neurol. & 
Psychiat. 35:270-291 (Feb.) 1936. 
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part of guilt feelings. The latter would be all the more intense if the 
hostility was directed toward some one who was at the same time loved. 
Now that the death wishes have, as if by magic, been realized the giiilt 
feelings would become maximally acute. 

The significance of sibling rivalry as thus portrayed has been 
described by numerous writers. Among these may be mentioned 
Fliigel,^® Klein and The extent of the hostility engendered 

by such rivalry has been shown by them to be very great, including 
death wishes and even acts of fatal violence. Bender and Curran,^® in 
a recent report, have given striking examples of children and adolescents 
who have attempted, successfully or unsuccessfully, to carry out such 
wishes. More frequently, however, the wishes are not acted on but 
are important chiefly because they are accompanied by intense feelings 
of guilt or because events may accidentally bring about their fulfilment 
in a way that must appear almost magical to the child. In this con- 
tingency the guilt feelings which usually form the counterpart of death 
wishes are, as Feigenbaum has shown, greatly magnified. Schilder 
and Wechsler concluded from their investigation that the child con- 
ceives of death as resulting always from violence and as not necessarily 
being final. The dead are not gone forever. These observations make 
it easy to see how a surviving brother or sister could interpret the death 
of a sibling as having been the result of his or her hostility rather than 
of natural causes and might, furthermore, look forward to the return 
of tlie deceased in a fashion tending to keep the experience of the death 
alive. Such an expectation would be enhanced by the reparation trends, 
which as an assuagement of anxiety are generally found to accompany 
the child’s destructive tendencies. 

The guilt feelings and anxiety of the surviving sibling might exist, 
as has already been indicated, in various forms and blends. The particular 
ambivalent character of the sibling relationship would determine these 
patterns. If the libidinal components of the attachment had been strong, 
the guilt would in some measure be increased by feelings of unworthi- 

15. Flugel, J. C. ; Psychoanalj^tic Study of the Family, London, Hogarth 
Press, 1935. 

16. Klein, M. : Psycho-Analysis of Children, translated by A. Strachey, New 
York, W. W. Norton & Company, Inc., 1932. 

17. Levy, D. : Studies in Sibling Rivalry, Research Monograph 2, New York, 
American Orthopsychiatric Association, 1937. 

18. Bender, L., and Curran, F. J. : Children and Adolescents Who Kill, J. 
Crim. Psychopath. 1:297-322, 1940. 

19. Feigenbaum, D. ; Paranoia und Magie, Internat. Ztschr. f. Psychoanal. 
16:363-369, 1930. 

20. Schilder, P., and Wechsler, D. : The Attitudes of Children Toward Death, 
J. Genet. Psychol. 45:406-451, 1934. 
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Jiess — for having' killed the one from whom love had been received. If 
any degree of tabooed sexual activity, or even fantasy, entered into the 
relationship another source of guilt would be tapped. Mourning for 
the lost object might also combine with the guilt feelings springing from 
hostility. But the driving power of the reaction would stem from the 
guilty knowledge that the hostile death wishes had taken effect. 

The consequences of such guilt would theoretically be of two kinds, 
each resembling a diflcrent main aspect of the schizophrenic reaction 
pattern. In the first place, the surviving sibling would be prevented 
by his isolative guilt and the underlying fear of his externalized aggres- 
sion (and libido) from making normal social contacts. These inhibitions 
would affect relationships within and, even more so, outside the family. 
In the normal development of the person, as has been repeatedly pointed 
out, conditioning first acquired within the family serves by transfer 
as a basis for extrafamilial associations. The guilt resulting from the 
sibling death might thus disrupt the normal transfer of social patterns 
and ser\'e as a source of the asocial schizophrenic reaction type. When 
the sibling attachment had involved strong components of love, which 
would now be linked with the guilt feelings due to the death, libidinal 
object relationships would likewise be impaired. Hence, both the general 
asociality of the schizophrenic person and his usual incapacit}' for libidinal 
object attachments could in part be traced to the consequence of having 
experienced a sibling death. 

A second consequence of the guilt reaction in the surviving sibling 
may be regarded as a complement of the first. Whereas the first 
emphasizes negative behavior — ^withdrawal from social intercourse — the 
second points to positive manifestations of a substitutive character. 
That is, the void created by the death of the sibling, and even more so 
by the withdrawal from society, begins now to be filled with fantasies 
that provide substitute satisfactions and tend to stabilize the reactions 
of the person at an asocial level. Thus would arise autistic, bizarre 
mannerisms, hallucinations and delusions traceable in greater or less 
degree to the effects of the sibling death. 

The result of these two cooperating tendencies would in the para- 
digmatic case be the very characteristics of the schizophrenic patient as 
clinically observed : marked incapacity for social contacts ; inadequacy 
in libidinal object relationships; positive manifestations of a fantastic 
kind, including hallucinations and delusions, and a strong underlying 
sense of guilt and anxiety associated with repressed hostilit3^ 

That this second, or psychogenic, interpretation is consonant with 
the results of the present study is clear. It has been shown that the 
schizophrenic patients came in most instances from the upper half of 
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their families and that in the majority of cases the dead siblings met 
their fate before the patient’s sixth year of life. These two facts 
cooperate to emphasize that the schizophrenic patient as a surviving 
sibling was in the acute rivalry position of having been displaced by a 
new claimant on the mother’s love and that the death of the rival usually 
occurred in the important formative )'ears of childhood. 

If it is recalled that the present study is concerned with male patients 
only, it will be seen that the interpretation is borne out also by the 
facts on parental deaths. On the one hand, the father would, like a 
sibling, represent for such a patient a rival for the mother’s love. It 
would, accordingly, be expected that the incidence of paternal deaths 
might — as was actually found — be high among patients with schizo- 
phrenia. On the other hand, again as actually found, maternal deaths 
would not play a significant role. However, with the limited data now 
available, and in advance of a similar study on female schizophrenic 
patients, the parental deaths cannot be emphasized in the interpretation. 

3. According to a third possible view, which combines the preceding 
two, a constitutional weakness may contribute concomitantly to the 
sibling deaths and to the schizophrenic disease process. But just as in 
the case of the deaths the environment would provide certain specific 
noxae, e. g., microbes, to effect the result, so in the production of 
schizophrenia traumatic psychologic experiences, such as sibling deaths, 
would cooperate. A peculiarity of this view is that in relation to schizo- 
phrenia the sibling deaths might count twice — once as causally rooted 
in the common constitutional wealmess and again as having traumatic 
psychologic effects. In other words, the families of schizophrenic 
patients are weak in constitution and hence suffer many early deaths. 
On a similar basis, the prospective schizophrenic patient is from birth 
less active and independent than other persons. He would thus have 
more than the average sensitivity to siblings and parents and become 
abnormally attached to them. Intense feelings of hostility and love 
toward siblings would therefore more readily develop; guilt feelings 
and anxiety after sibling deaths would be similarly greater. -At this 
point the psychogenic hypothesis presented in the preceding section 
would apply to complete the interpretation. 

This view may be designated as psychosomatic and would, in keeping 
with present knowledge, seem to be the closest to the truth of the three 
discussed in this section. It steers a middle course between the two 
extremes and appears to reconcile them. Even more important is the 
fact that it sets the stage for further investigation on schizophrenia by 
a technic which should make it possible to penetrate more deeply than 
hitherto into the recognizedly specious dichotomj'- of constitution and 
experience. 
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CONCLUSION AND SUMMARY 

It must be apparent that from a psychodynamic orientation deaths 
of other persons besides siblings could serve to produce similar effects. 
Presumably, parental deaths and, in the present study especially paternal 
ones, are to be so regarded. The deaths of other close relatives or 
intimate friends should likewise be considered. Moreover, the type of 
frustrating experience or deprivation need not necessarily be limited to 
death. The clinically recognized effect on the growing child of broken 
homes might, for example, work out similarly. The present study has 
thus singled out one factor in a psychodynamic class and will, it is hoped, 
serve to stimulate systematic investigation of some others. 

It should also be noted that the disorder resulting from sibling death 
and cognate frustrating experiences cannot necessarily be limited to 
schizophrenia. The present data themselves seem to indicate that manic- 
depressive psychosis is apt to have such factors in the anamnesis, 
whereas dementia paralytica, for example, does not. In addition, 
individual cases could have been readily adduced to show how sibling 
death has apparently been involved in disorders such as epilepsy. Here, 
too, lies a problem for more extensive research. 

For the present, however, conclusions must be limited to schizo- 
phrenia, and here it may be said, on the basis of the data from the 356 
adequate ■ individual histories studied, that male schizophrenic patients 
have up to twice as great a chance (39 per cent) of experiencing sibling 
deaths as do certain control groups (patients with manic-depressive 
psychosis and dementia paralytica and normal subjects). This obser- 
vation holds even when extraneous factors, such as size of family, have 
been statistically controlled. The majority of such deaths occur in 
siblings younger than the patient and previous to the patient’s sixth year 
of life. When parental deaths are considered together with sibling 
deaths, it is found that 61 per cent of the schizophrenic patients had 
one or both in their history. They are in this respect differentiated from 
all three control groups with statistical significance. Nevertheless, these 
results must be considered tentative till more subjects, especially females, 
have been studied. 

The interpretation of the results on sibling deaths that seems to 
accord best with current knowledge is a psychosomatic one, in which 
a possible constitutional weakness is regarded as having been acted on 
by disrupting psychologic experience. On the basis of a strong hos- 
tility to the sibling that dies — ^whether founded primarily on rivalry or 
on ambivalent libidinal trends with intense aggressive components — 
guilt is acutely intensified in the surviving sibling by the death. A 
groundwork is thus laid for a disturbance of the normal transfer of 
social patterns from the familial constellation to the extrafamilial milieu 
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and for a complementary tendency toward filling the social void with 
substitutive fantasies. In such a context sibling deaths may be con- 
strued as one factor in the production of schizophrenic reaction patterns. 

APPENDIX ; METHOD FOR DETERMINING THEORETIC PROBABILITY OF 

SIBLING DEATHS 

The method in question is best described in Dr. Forrest E. Linder's 
own words: 

“Suppose, for example, that one is interested in a subject who was 
born in a given year. It may be assumed that fifteen years after his 
birth a male sibling was born. When the subject has reached his 
twenty-fifth year, the sibling will then have reached his tenth year. 
The question, then, is : ‘What is the chance that the younger brother will 
have died during his possible ten years of life?’ To obtain an answer 
to this question, one looks in column 3 of the life table published by the 
United States Bureau of the Census,® page 392, which gives the expected 
number who will die out of 100,000 persons starting life. On adding 
the first ten figures in this column one gets a total of 8,859. That means 
that out of 100,000 persons starting life, 8,859 will have died. 
The probability of this sibling’s death, therefore, will be 0.08859 
(Pi = 0.08859). That is the probability for a family of 2 male children 
of the specified age distribution (family 1). 

“Now consider the case of a larger family (family 2). In this family 
it may be assumed that the subject in whom one is interested was born 
on a given date and that his first younger brother was born fifteen years 
later. Then the probability of this first brother’s dying is the same 
as that of the sibling in the family previously discussed; that is, 
Pj = 0.08859. It may now be assumed that the second younger brother 
was born twenty years after the subject. Then, at the time the subject 
has reached the age of 25 years, the second younger brother will have 
reached the age of 5 years. What is the probability that the second 
younger brother will have died? On adding up the first five entries in 
column 3 one finds the probability of death to be expressed by the 
formula p 2 = 0.07931. The probabilit}'- that each brother separately 
might have died has now been found. What is the probability that either 
one or the other will have died? To find this, one must compute the 
probability that each brother will not have died, using the formulas: 
q,^ =1 — Pj^, or 0.91141 and q 2 = 1 — Po. or 0.92069. The probability, 
then, that both brothers will live is equal to q^ X q 2 > which in my 
example equals 0.8391. Hence the probability that both younger 
brothers will not live, that is to say, the probability that at least one will 
have died, is computed as follows: pj = 1 — qiq^j or 0.1609. The way 
to proceed from here is to observe a random sample of hospital patients 
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of the diagnostic type in wliich one is interested without, however, 
paying any regard to sibling deaths. For each one of these families 
computations similar to the foregoing ones are made. A tabulation 
similar to the one which follows can then be constructed: 

Family Probability of Sibling Death 

Family 1 0.08859 

Family 2 0.1609 

“The total for the last column (2 pi) will give the number of deaths 
to be expected in all the families under observation. The variance will 
be 5 Pi (1 — pi). Naturally, if there is more than one family of the 
same composition, each instance of that family type must be entered in 
the table as a separate figure. The figure obtained in this way should 
give an estimate of the expected number of families with one or more 
deaths if the deaths are occurring according to the life tables of the 
United States Bureau of the Census. This is not the expected number 
of deaths. Then, if in the observed sample one actually finds more than 
the expected number of families, there would be some evidence to sub- 
stantiate the hypothesis that sibling deaths are a contributing factor in 
the psychosis. 

“In making the foregoing computations, one should note that 
separate tables are given for white males, white females, Negro males 
and Negro females. Life tables, of course, A’^ary considerably from state 
to state and according to economic status and other factors. If these 
qualifying factors are not proAuded for in the computations, they of 
course stand as variables Avhich IcaA'^e the result in some question.” 

As noted in the text, the method suggested by Dr. Linder was some- 
Avhat modified in its present application. The A^alidity of these variations 
may be briefly considered. The assumption of a uniform tAvo year 
spacing betAveen children Avas necessary because in the data on psychotic 
patients it Avas not alAva)^s possible to ascertain the exact ages of the 
siblings. Nevertheless, this assumption required testing. Since the 
normal group contained many small families, the average spacing might 
well liaA'^e been greater there. Under these conditions the interval 
betAveen the birth of a sibling and the nineteenth year of life might be 
sufficiently increased to change the expected probability of death. If 
present, this tendency Avould distort the results for the normal subjects 
m such a way that more deaths would theoretically be expected than 
Avas justifiable. This error would, in turn, decrease the actually appear- 
ing difference between expected and actual deaths. To test the 
assumption, expectancies of sibling deaths for 50 normal subjects were 
calculated according to actual spacing, as well as for the hypothetic tAvo 
year spacing. According to the actual spacing of the 50 normal subjects 
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9 . 2 , or 18 per cent, would be expected to have sibling deaths. With 
the uniform two year spacing the expectancj’- was 8.5, or 17 per cent. 
Thus the assumed and the actual spacing give nearly the same results 
for this normal group. Any possible distortion would naturally he less 
for the schizophrenic patients, who came from the larger families. The 
assumption is therefore considered valid. 

The other modification, which consisted in the use of life tables for 
males alone, appeared justifiable because male and female sibling deaths 
were evenly balanced in all the groups of the present investigation and 
because male and female death rates were considered sufficiently similar 
for the present purposes. 


Worcester State Hospital. 



DISTRIBUTION OF IODINE IN BLOOD SERUM AND 
IN CEREBROSPINAL FLUID 

EDWIN F. GILDEA, M.D. 

AND 

EVELYN B. MAN, Ph.D. 

NEW HAVEN, CONN. 

Conflicting reports in the literature on the amount and distribution 
-of iodine in the blood and in the cerebrospinal fluid suggested the reinves- 
tigation of these problems with reliable methods. The iodine contents 
of the serum and spinal fluid were determined for 6 patients who were 
free from meningeal disorders and had normal spinal fluid proteins. 
To a second group of 8 similar patients approximately 0.1 Gm. of 
inorganic iodine in the form of compound solution of iodine U. S. P. 
was administered daily for three to seven days before the samples of 
spinal fluid were obtained. Organic iodine in the form of thyroid 
was given instead of inorganic iodine to an additional patient. Finally, 
1 patient with meningovascular syphilis and high spinal fluid proteins 
was studied. The recently developed permanganate acid ashing method 
of Riggs and Man^ avoids the positive errors of previous methods. 
In addition, in serum by precipitation with zinc sulfate and sodium 
hydroxide the diffusible inorganic iodine was differentiated from the 
precipitable (protein-bound), nondiffusible iodine.- Furthermore, the 
determinations were made in duplicate on large aliquots of cerebrospinal 
fluid obtained in the preparation of patients for pneumoencephalography. 

The older literature on cerebrospinal fluid iodine has been reviewed 
by Katzenelbogen.® With the exception of the recent work of Klassen, 

This work was aided by a grant from the Fluid Research and Knight Funds 
of the School of Medicine. 

From the Biochemistry Laboratory of the Department of Psychiatry, Yale 
University School of Medicine. 

Read at the Sixty-Eighth Annual Meeting of the American Neurological 
Association, Chicago, June 5, 1942. 

1. Riggs, D. S., and Man, E. B. : A Permanganate Acid Ashing Micromethod 
for Iodine Determinations; I. Values in Blood of Normal Subjects, J. Biol. 
Chem. 134:193, 1940. 

2. Man, E. B. ; Smirnow, A. E. ; Gildea, E. F., and Peters, J. P. : Serum 
Iodine Fractions in Hyperthyroidism, J. Clin. Investigation 21:773, 1942. 

3. Katzenelbogen, S. : The Cerebrospinal Fluid and Its Relation to the Blood, 
Baltimore, Johns Hopkins Press, 1935. 
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Bierbaum and Curtis,^ spinal fluid iodine has been estimated by older 
methods which either were not sufficiently sensitive or were subject 
to positive errors. Consequently, some authors ® have found considerable 
amounts, 10 to 20 micrograms per hundred cubic centimeters, while 
others ° have obtained the barest traces, even in patients who had been 
ingesting large amounts of iodine for several months. It is obvious 
that with this uncertainty as to methods the older data on the relation 
of serum iodine and cerebrospinal fluid iodine must be interpreted with 
caution. 

METHODS 

The spinal fluid used in these studies was collected from each patient when 
the cerebrospinal system was drained for pneumoencephalographic examination. 
The puncture was made in the third or fourth lumbar space, and as each 10 cc. 
of fluid was removed the same amount of air was injected. The first 10 cc. of 
fluid was taken in a separate tube for cytologic and serologic examination, and 
the rest was collected in a chemically clean flask for the chemical studies. No 
iodine was used in the preparation of the patient, and special precautions were 
taken to see that no iodine was free in the room air. 

Iodine was determined on duplicate aliquots of spinal fluid by the permanganate 
acid ashing method of Riggs and Man.^ Most aliquots were large, 20 to SO cc., 
a factor which increased the accuracy of the determinations. In 4 instances 
smaller amounts were used, and this fact has been indicated in the table. 

Proteins were measured by the Denis-Ayer ’’ method for cerebrospinal fluid 
proteins. The samples of blood were taken shortly before the lumbar puncture. 
The serum was analyzed for total iodine and protein-bound iodine by methods 
previously described.® 

DATA 

A variety of patients were studied, as indicated in the table. Six patients 
presenting various symptoms of early intellectual deterioration or unexplained con- 
vulsions, but free from meningitis, tumor of the brain or syphilis, who had not 
received any iodine except minute amounts in the hospital diet, constituted the 

4. Klassen, K. P. ; Bierbaum, R. L., and Curtis, G. M. : The Comparative 
Iodine Content of Blood and Cerebrospinal Fluid, J. Lab. & Clin. Med. 25:383, 
1940. 

5. Hirsch, O. : Beitrag zum Basedowproblem, Deutsches Arch. f. klin. Med. 
168:331, 1930. Hahn, A., and Schiirmeyer, A.: Ueber den Jodgehalt des Liquor 
cerebrospinalis, Klin. Wchnschr. 11:421, 1932. Osborne, E. D. : Iodine in the 
Cerebrospinal Fluid, J. A. M. A. 76:1384 (May 21) 1921. 

6. Cruchet, R. : Valeur de la permeabilite meningee en neurologie infantile, 
Compt. rend. Soc. de biol. 2:591, 1904. Catton, J. H. : Studies of the Spinal 
Fluid During lodid Medication by Mouth, J. A. M. A. 67:1369 (Nov. 4) 1916. 
Cohen, H. : The Passage of Iodine into the Cerebro-Spinal Fluid, Lancet 1:127, 
1924. Sicard, J. A., and Brecy, M. : Meningite cerebrospinale ambulatoire curable. 
Cytologie du liquide cephalo-rachidien. Bull, et mem. Soc. med. d. hop. de Paris 
18:369, 1901. 

7. Ayer, J. B. ; Dailey, M. E., and Fremont-Smith, F. ; Denis-Ayer Method 
for the Quantitative Estimation of Protein in the Cerebrospinal Fluid, Arch. 
Neurol. & Psychiat. 26:1038 (Nov.) 1931. 

8. Riggs and Man.i Man and others.^ 
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first group. A second group of 8 similar patients were given by mouth 30 minims 
(2 cc.) of compound solution of iodine U. S. P. daily for two to seven days before 
withdrawal of their spinal fluid. One patient, case IS, with meningovascular 

Comparison of Iodine in the Blood Serum and in the Cerebrospinal Fluid 


Serum Iodine Spinal Fluid 

Ji 



Age, 

t 

Total, 

Micro- 

grains 

per 

\ 

Precipi- 

table. 

Micro- 

grams 

per 

f 

Iodine, 

Micro- 

grams 

per 

Ali- 

quots, 

N 

Pro- 

tein, 

Mg. per 

Comment and Eesults of 
Pneumoencephalographic 

Case 

Tr. 

100 Cc. 

ICO Cc. 

100 Cc. 

Cc. 

100 Cc. 

Examination 

1 

44 

5.0 


0.2 

tso Iodine Administered 

50 16.7 Progressive degenerative cerebral 

2 

26 

5.6 


0.2 

50 

27 

disorder: cortical atrophy and dila- 
tation of ventricles 

Injury to left frontal region of head. 

3 

28 

4.9 


0.1 

60 

30 

followed by convulsions; dilatation 
of left lateral ventricle 

Psychopathic personality; low intelli- 

4 

44 

8.8 


0.4 

80 

11 

gence; cortical atrophy; dilatation 
of ventricles 

Intellectual deterioration: cortical 

5 

31 

5.0 


<0.1 

35 

18 

atrophy 

Chronic headaches; multiple com- 

6 

26 

6.1 

5.4 

0.1 

25 

32 

plaints; bilateral cortical atrophy; 
dilatation of ventricles 

Rare convulsions; queer compulsive 

7 

26 

After 

342.0 

behavior 

Oral Administration of Compound Solution of Iodine 2 to 7 Days 

7.7 3.0 12 39 Ventricles not visualized 

8 

33 

94.0 

7.3 

1.0 

30 

25 

Repeated convulsions; bilateral corti- 

9 

55 

29.0 

5.9 

1.0 

7 

48 

cal atrophy and dilatation of 
ventricles 

Depressed and agitated mood with 

10 

36 

121.0 

5.9 

2.7 

9 

32 

generalized tremor 

Paranoid schizophrenia 

11 

38 

303.0 

5,7 

11.8 

30 

85 

Depression and failing memory; 

12 

58 

522.0 

5.8 

6.1 

15 

11 

bilateral cortical atrophy; dilata- 
tion of ventricles 

Cerebral arteriosclerosis; slight cortf- 

13 

46 


6.3 

3.3 

35 

40 

cal atrophy; hydrocephalus ex vacuo 
Cortical scarring after head injury. 

14 

27 



5.0* 

25 

42 

with distortion of temporal horn of 
left ventricle; queer apathetic be- 
havior; diabetes mellitus 

Apathy and confusion; schizophrenia 

15 

44 

873.0 

... 

22 * 

35 

ICO 

(7); ventricles not visualized 
Meningovascular s 3 T)hilis, positive 


Wassermann reaction 


After Administration of Desiccated Thyroid, 10 grains (0.65 Gm.) Daily for Two weeks 
and 15 grains (0.975 Gm.) for Third Week 

' 0.5 27 23 Depression; semistupor; basal meta- 

bolic rate — ^15 per cent; moderate 
cortical atrophy 

* Blood was present in the spinal fluid. 


syphilis was also given compound solution of iodine. Finally, 1 patient, case 16, 
with stupor of unknown origin, was given desiccated thyroid, 10 grains (0.65 Gm.) 
daily for two weeks and then 15 grains (0.975 Gm.) for one week previous to 
withdrawal of cerebrospinal fluid. 
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RESULTS 

As can be seen in the table, in the spinal fluid of patients to whom 
no iodine was given only traces, less than 0.1 to 0.4 microgram per 
hundred cubic centimeters, of iodine were found in contrast to relatively 
large amounts, 4.9 to 8.8 micrograms per hundred cubic centimeters, 
in the blood serum. When sufficient inorganic iodine had been given 
to increase the serum iodine to as much as 522 micrograms per hundred 
cubic centimeters, only a very slight increase in iodine occurred in 
the cerebrospinal fluid. It is noteworthy that in the patient with menin- 
gitis, with a total iodine content of the serum of 873 micrograms per 
hundred cubic centimeters, considerable iodine entered the spinal fluid. 
Although there were red blood cells in the spinal fluid of this patient, 
the elevation in iodine was greater than would have been expected 
from the number of erythrocytes. Furthermore, in 2 patients high spinal 
fluid proteins tended to be associated Avith a high iodine content. Admin- 
istration of desiccated thyroid to the patient in case 16 increased greatly 
the iodine in the serum but did not appreciably affect the iodine in the 
cerebrospinal fluid. 

COMMENT 

It can be concluded that only traces of iodine normally occur in the 
cerebrospinal fluid. The large aliquots of fluid used and the extreme 
sensitiveness of the method employed establish this point conclusively. 
These results confirm the observations of Klassen, Bierbaum and Curtis,^ 
who used a dichromate ashing method but had less fluid for analysis. 

It is noteAVorthy that the readily diffusible inorganic iodine did not 
pass in any quantity from the serum into the spinal fluid. The diffusi- 
bility of serum inorganic iodine has been preAdously demonstrated by 
Riggs, Lavietes and Man ® in the case of red blood cell and cellophane 
membranes. It is clear therefore that serum inorganic iodine is pre- 
vented by some barrier from passing into the spinal fluid. The experi- 
ments of Wallace and Brodie on dogs suggested such a barrier. 
They, hoAvever, used enormous amounts of iodine and employed one 
of the older macrochemical methods for iodine, thereby rendering uncer- 
tain the interpretation of their results in the case of human beings. 

The protein-bound iodine, probably hormonal iodine, of serum 
showed no tendency to enter the spinal fluid, as might have been 
expected from the fact that it is not readily diffusible. 

These results constitute further evidence of the unique nature of 
the cerebrospinal fluid. Chlorides resemble iodides so far as Ionization 

9. Riggs, D. S . ; Lavietes, P. H., and Man, E. B. : Investigations on the 
Nature of Blood Iodine, J. Biol. Chem. 143:363, 1942. 

10. Wallace, G. B., and Brodie, B. B.: On the Source of the Cerebrospinal 
Fluid: The Distribution of Bromide and Iodide Throughout the Central Nervous 
System, J. Pharmacol. & Exper. Therap. 70:418, 1940. 
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and diffusion are concerned; yet they are present in larger amounts 
in spinal fluid than in blood serum. Iodides, on the other hand, are 
found only in traces in the spinal fluid and, unlike the chlorides, appear 
to be selectively prevented from entering the spinal fluid. In contrast 
to the chlorides, calcium compounds behave in a manner similar to the 
iodides. While present in the spinal fluid in considerable quantities, 
calcium seems to be selectively prevented from diffusing from serum 
to spinal fluid in many conditions associated with hypercalcemia, in 
which much of the calcium is known to be in the diffusible form.^’- 
These observations lend support to the conception of the existence of 
a special blood-spinal fluid barrier. 

CONCLUSIONS 

Only minute amounts of iodine, less than 0.1 to 0.4 microgram 
per hundred cubic centimeters, are present in the spinal fluid, in 
contrast to relatively large amounts, 4.9 to 8.8 micrograms per hundred 
cubic centimeters, in the blood serum. 

When the inorganic iodine of serum is increased to more than 
100 micrograms per hundred cubic centimeters for days or a week, 
only a slight rise of 1 to 6 micrograms per hundred cubic centimeters 
occurs in the spinal fluid unless the protein content of the cerebrospinal 
fluid is also elevated. 

There is, therefore, a definite barrier for iodine between the serum 
and the cerebrospinal fluid. 

These observations add further evidence indicating the unique nature 
of cerebrospinal fluid as compared with other body fluids. They illus- 
trate the peculiarly selective properties of the blood-cerebrospinal fluid 
barrier. 

Yale University School of Medicine. 

11. Merritt, H. H., and Bauer, W. : The Equilibrium Between Cerebrospinal 
Fluid and Blood Plasma : IV. The Calcium Content of Serum, Cerebrospinal 
Fluid, and Aqueous Humor at Different Levels of Parathyroid Activity, J. Biol. 
Chem. 90:233, 1931. 



FUNCTIONAL REPRESENTATION IN THE OCULO- 
MOTOR AND TROCHLEAR NUCLEI 

MORRIS B. BENDER, M.D. 

AND 

EDWIN A. WEINSTEIN, M.D. 

NEW YORK 

The localization of function in the cell masses of the oculomotor 
nucleus has not been established. While allocation of pupillary con- 
striction to the small-celled Edinger-Westphal nucleus has been 
generally recognized, there is still controversy regarding the repre- 
sentation of functions of the extrinsic ocular muscles subserved by the 
third cranial nerve. Tsuchida ^ stated that there was no exact locali- 
zation and that the ocular muscles received their innervation diffusely 
from all the cell groups. The most widely accepted view is that of 
Brouwer,- who from a review of the literature and from a single 
clinicopathologic observation postulated the following cephalocaudal 
arrangement of functional representation of the ocular muscles within 
the oculomotor nucleus; (a) sphincter pupillae; (b) levator pal- 
pebrarum; (c) superior rectus; (d) medial rectus; (e) inferior oblique, 
and (/) inferior rectus. 

This scheme of segmentation had been suggested previously by Bern- 
heimer ® on the basis of the retrograde cell degeneration after extirpation 
of individual ocular muscles. There are, however, few records of phy- 
siologic investigation of the oculomotor nucleus. Hensen and Volckers ^ 
electrically stimulated the periaqueductal region of a dog’s brain, but 
they admitted that their results were not altogether satisfactory because 
of the lack of exact methods. 

From the laboratories of the Mount Sinai Hospital. 

This work was aided in part by a grant from the Josiah ilacy Jr. Foundation. 

1. Tsuchida, U. : Ueber die Ursprungskerne der Augenbewegungen und tiber 
die mit diesen in Beziehung stehenden Bahnen im Mittel- und Zwischenhirn, Arb. 
a. d. hirnanat. Inst, in Zurich, 1906, no. 2. 

2. Brouwer, B. : Klinisch-anatomische Untersuchung fiber den Oculomotorius- 
kern, Ztschr. f. d. ges. Neurol, u. Psychiat. 40:152-193, 1918. 

3. Bemheimer, S. r Experimentelle Studien zur Kenntnis der Innervation 
der inneren and ausseren vom Oculomotorius versorgten Muskein des Auges, 
Arch. f. Ophth. 44:481-525, 1897. 

4. Hensen, V., and Volckers, C. : Ueber den Ursprung den Accommodations- 
nerven, nebst Bemerkungen tiber die Function der Wurzeln des Nervus oculo- 
motorius, Arch. f. Ophth. (pt. 1) 24:1-26, 1878. 
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With the Horsley-Clarke stereotaxic instrument and modern stimu- 
lator devices this difficulty may be overcome so that specific and limited 
areas may be stimulated with minute currents. The animal most suitable 
for such purposes is the monkey, not only because it can be used in the 
stereotaxic device but because the plan of its oculomotor apparatus is 
so closely related to that of man. There follows a report of a correlated 
functional and structural study of the oculomotor and trochlear nuclei 
and their roots in the monkey. 

METHOD 

Twenty-five' monkeys (Macaca mulatta) were studied in the Horsley-Clarke 
apparatus by the technic described by Ranson ® and Harrison.® Stimulations and 
lesions were made with a bipolar needle electrode having a combined diameter 
of 0.8 mm. A pulsating, spike-shaped current was supplied through a Dumont 
variable frequency stimulator. The frequency was kept constant at 250 per second. 
The smallest electromotive force which was necessary to produce a minimal 
response was 12 volts according to our instrument. This threshold was equivalent 
to 0.8 volt on the ordinary alternating 60 cycle sinusoidal current. 

Every point explored was tested with different strengths of current. Only 
minimal effects were considered in final analysis. Stimulations were made under 
very light anesthesia induced with pentobarbital sodium or ethylcarbamate. In 
many instances the narcosis was so light that when the stereotaxic apparatus was 
removed the monkey appeared to be fully awake. Stimulations were made along 
vertical and horizontal planes at 0.5 to 1 mm. intervals. In 1 monkey the 
exploration was made in an oblique plane at an angle of 15 degrees -posterior to 
the vertical. All the monkeys withstood the operations and recovered quickly. 
In 4 of the animals lesions were made at designated points with electrocoagulation 
currents of 3 milliamperes for fifteen to thirty second intervals. The monkeys 
were then observed daily for oculomotor defects. Pupillary reactions were studied 
cinematographically under infra-red illumination and controlled light stimulation 
by Dr. Otto Lowenstein, at New York University. 

For histologic studies, 14 monkeys were killed by an overdose of sodium pento- 
barbital. The points of stimulation were identified and checked against horizontal 
and vertical wires passed through arbitrary points. In 7 monkej'^s stimulations 
were made along both vertical and horizontal planes so that each needle tract served 
as an anatomic gage against the other in terms of tlie right-angled coordinate. 
Allowances were made for shrinkage after embedding in pyroxylin. Serial sections 
were made of each brain stem and stained by the Weil, hematoxylin and eosin and 
Nissl methods. 

RESULTS 

Effects of Stimulation . — ^With small currents discrete unilateral 
oculomotor responses were obtained by stimulating the regions of the 
oculomotor nucleus and roots. 

When the electrode was moved down dorsoventrally in the vertical 
plane of the stereotaxic instrument, the first of the oculomotor responses 

5. Ranson, S. W. : On the Use of the Horsley-Clarke Stereotaxic Instrument, 
Psychiat. en neurol. bl. 38:534, 1934. 

6. Harrison, F. : Modification in Technic for Use of the Horsley-Clarke 
Stereotaxic Instrument, Arch. Neurol. & Psychiat. 40:563-565 (Sept.) 1938. 
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obtained was ipsilateral pupillary constriction. With slightly greater 
currents the constriction was bilateral, but was usually more marked 
on the side of stimulation. Bilateral miosis was also obtained from 
other areas, such as the regions of the pretectum and posterior com- 
missure, as described by Ranson and Magoun ^ and Magoun and Ran- 
son,® and from the ventral portion of the central tegmental fasciculus. 
The miosis obtained from the central tegmental fasciculus in the pons 
is part of the lid closure reaction, in which the eyelids close and the 
eyeballs roll up in association with pupillary constriction. 

Ventral to the focus for pupillary constriction was that for downward 
movement of the ipsilateral eyeball. In 1 monkey conspicuous bulging 
of both irises was observed on stimulation of a point at the midvertical 
and midsagittal planes of the body of the oculomotor nucleus. The 
focus was 1 mm, below that for pupillary constriction. The bulge in the 
iris was prominent during the entire period of stimulation and was 
greatest at the pupillary margin. When the current was stopped the 
bulge receded sharply. There was no associated convergence movement, 
and unless more than threshold cun-ent was used there was no pupillary 
constriction. It is presumed that the bulge in the iris was due to con- 
traction of the ciliary muscle, causing the lens to become more globular 
and to move forward, which pushed the iris anteriorly. 

The next ventral point yielded downward and inward movements. 
Again, this response was ipsilateral, and with increase in voltages at 
the same point of stimulation other ipsilateral ocular movements 
appeared, in the following sequence: .(c) 13 volts, downward and 
inward; (&) 14.5 volts, inward; (c) 17.5 volts, inward and upward, 
and {d) 25 volts, inward and upward plus retraction of the lid. Thus 
by increasing the current at any one point it was possible for one to 
predict the response of adjacent or deeper structures. The downward 
and inward motion seemed to be the resultant action of the inferior and 
the internal rectus muscle. At times this oblique movement had an 
element of extorsion, but never the intorsion produced by the action 
of the superior oblique muscle, innervated by the fourth cranial nerve. 
The direction of the torsion could readily be detected by observing the 
movement of radiating conjunctival vessels. 

One millimeter below the focus for downward and inward movement 
was that for pure adduction. This individual inward movement was 
ipsilateral and was seemingly the strongest of all effects produced by 
stimulation in this region of the brain stem. When the electrodes were 

7. Ranson, S. W., and Magoun, H. W.: The Central Path of the Pupillo- 
Constrictor Reflex in Response to Light, Arch. Neurol. & Psychiat. 30:1193-1202 
(Dec.) 1938. 

8. Magoun, H. W., and Ranson, S. W. ; The Central Path of the Light Reflex : 
A Study of the Effect of Lesions, Arch. Ophth. 13:791-811 (May) 1935. 
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within 0.2 mm. of the midline and the current was strong enough, 
bilateral sharp inward rotation of the eyes occurred, but this could be 
distinguished from the slower bilateral convergence movements elicited 
from other regions. 

The next ventrally situated point yielded inward and upward move- 
ment. Again, this was ipsilateral and probably the resultant action of 
the internal and the superior rectus muscle. On further sinking of the 
electrode pure upward movement of the eyeball was elicited, and 0.5 
to 1 mm. below this center stimulations yielded elevation of the superior 
eyelid. 



Fig. 1. — Projection drawing of a sagittal section through the brain stem 
of a monkey 0.5 mm. lateral to the midplane. The arrows on the zero vertical 
and zero horizontal lines indicate direction of stimulation. The scale on each 
side is expressed in millimeters. Ill indicates oculomotor nucleus and projected 
roots; IV, trochlear nucleus; VI, abducens nucleus; B.C., brachium conjunctivum; 
C.M., corpus mamillare; I.C., inferior colliculus; M.L.F., median longitudinal 
fasciculus ; P.C., posterior commissure, S.C., superior colliculus ; A -{- vertical 
planes anterior to the zero frontal plane ; A — , vertical planes posterior to the zero 
frontal plane ; H -f-, horizontal planes above the zero horizontal plane ; H — , hori- 
zontal planes below the zero horizontal plane. L (in text) indicates planes lateral 
to the midsagittal plane. 

From still deeper zones trochlear nucleus effects were noted, i. e. 
intorsion of the contralateral eye. At this point slightly greater than 
liminal currents yielded upward movement of the ipsilateral ^lobe, eleva- 
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tion of the upper lid and intorsion of the opposite eye, a I'esult demon- 
strating that the cells controlling retraction of the lid are situated in 
the most caudal and ventral portion of the oculomotor nucleus, adjacertf 
to the trochlear nucleus. In this plane pupillary constriction was obtained 
only from the posterior commissure, never from the caudal portion of 
the oculomotor or the trochlear nucleus. Stimulation of the trochlear 
nerve roots produced ipsilateral intprsion movements. 

The reactive area for ipsilateral oculomotor responses was 3 to 4 mm. 
in the vertical plane of the instrument, 5 to 6 mm. in the horizontal 
plane (fig. 1) and 0.5 to 1.5 mm. lateral to the midline. At the more 


/O S' o S^ /O 



Fig. 2. — Photograph of a frontal section through the rostral portion of the 
oculomotor nucleus at A + 3.2, as indicated in the sagittal section (fig. 1). The 
The needle tract (N-T.) is 1 mm. lateral to the midline. Abbreviations in this 
figure and in figure 3 are the same as those used in figure 1, 

rostral and dorsal coordinates pupillary constriction and downward and 
inward movements of the homolateral globe were obtained (fig. 2) ; 
from the caudal and ventral region inward and upward motions of the 
globe and retraction of the upper eyelid were elicited (fig. 3). 

Point stimulations carried out during withdrawal of the electrodes 
yielded the same oculomotor responses as those described when the 
electrodes were moved downward, but in reverse order, results which 
corroborated the foregoing observations. Stimulations in the horizontal 
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plane also confirmed the results obtained in the vertical planes. With 
the electrodes moving at 1 mm. intervals in a rostral direction, the follow- 
ing successive ipsilateral ocular movements were obtained : ( 1 ) retraction 
of the upper lid; (2) upward movement; (3) upward and inward move- 
ment; (4) inward movement; (5) inward and downward movement; 



Fig. 3. — Photograph of a frontal section through the caudal portion of the 
oculomotor nucleus at + 1 in the sagittal projection, with the needle tract 
running 0.4 mm. lateral to the midline. 


(6) downward rotation of the globe; (7) pupillary constriction (often 
bilateral). A precise center for action of the inferior oblique muscle 
was difficult to elicit. In 4' experiments definite extorsion (action of 
the inferior oblique muscle) of the ipsilateral eye was observed by 
stimulation of the rostral zones of the oculomotor nerve roots. In 1 
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experiment a contralateral inferior oblique muscle effect was obtained. 
In order to produce extorsion movements, however, higher voltages were 
necessary. 

Effect of Lesions. — Small electrolytic lesions were made Avith direct 
currents of 1 to 2 milliamperes directed for fifteen seconds to a focus 
in the dorsal and rostral region of the oculoniotor nucleus. This Avas 
at a point just above that for dowmvard moAfement of the globe (A -j- 2.5, 
L 0.5, H 0) AA'here stimulation )delded pupillary constriction. As soon 
as the monkey recovered from the anesthetic, it shoAved on the side of 
the lesion (1) an enlarged pupil, AA'hich constricted slightly to light and 
closure of the lids and (2) defectiA'^e doAviiAvard movement of the globe 
Avhen in the abducted position. There Avas no ptosis or other ocular muscle 
defects. The pupillary disturbance lasted OA'er ninety-nine days, Avhile 
the impairment of action of the inferior rectus muscle lasted four days. 

Small electrolytic lesions Avere also made in the caudal and ventral 
region, in the “tail” of the oculomotor nucleus. This AA'as at a point 
(A -f- 1.0, L 0.7, H — 3.5) AA'here stimulations yielded ipsilateral 
upAA'^ard and iiiAvard movement of the globe Avith retraction of the upper 
eyelid and action of the contralateral superior oblique muscle. Such a 
localized lesion produced partial ptosis of the superior eyelid, AAdiich 
lasted three days. 

An electrolytic lesion in the oculomotor root fibers, converging from 
the nucleus tOAvard the base of the peduncle, resulted in partial Aveak- 
ness of all the intrinsic and extrinsic ocular muscles supplied by the 
ipsilateral third cranial nerA'e Avithout dissociation. This lasted many 
months. 

COMMENT 

According to our experiments, the dorsoventral and rostrocaudal 
arrangement of the functional representation of the ocular muscles in 
the oculomotor and trochlear nuclei of the monkey is as follows: (1) 
sphincter pupillae (usually bilateral responses); (2) inferior rectus; 
(3) ciliary ( ?) ; (4) inferior oblique ( ?) ; (5) internal rectus; (6) 
superior rectus; (7) levator palpebrarum, and (8) superior oblique 
(contralateral). 

Except for movements of the superior oblique muscle, the actions 
of the extrinsic ocular muscles are purely homolateral. The functional 
pattern in the oculomotor nucleus which Ave present is considerably at 
variance Avith that which Brouwer^ conjectured as existing in man. 
The chief corrections are in the localization of movements of the upper 
eyelid and the vertical rotations of the globe. On the basis of casuistic and 
some pathologic data from the literature and from 1 of his own cases, 
BrouAver " reached the conclusion that foci for the upward movement 
of the eyeball and superior lid were situated in the dorsal portion of 
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the oculomotor nucleus. The evidence which he cited, however, is 
hardly convincing. Bach,'’ who made clinical, pathologic, anatomic and 
experimental observations on man and animals, found that centers for 
the upward movements of the globe and superior lid were located in the 
more ventral and caudal portion of the oculomotor nucleus. Von 
Monakow’s clinicopathologic studies on man yielded similar conclu- 
sions. Our experimental data confirm the observations of Bach and 
von Monakow. At least in the monkey the centers for elevation of 
the globe and the upper lid are situated in the caudal and ventral portion 
of the oculomotor nucleus just rostral to the nucleus trochlearis. The 
focus for downward movement of the globe is localized to the rostral 
and dorsal portion of the oculomotor nucleus just ventral to the point 
for pupillary constriction. 

The ocular movements described may be obtained in all the vertical 
planes running through the oculomotor nucleus, but in the order 
described, i. e., the most dorsal stimulations yielding downward and the 
most ventral upward movements. The best downward motions were 
observed in the rostral vertical planes. No downward rotation, how- 
ever, could be elicited from the most caudal vertical planes. On the 
basis of these observations it would appear that the functional arrange- 
ment within the nucleus is somewhat comma shaped. In the head, or 
the rostral end, are situated the centers for pupillary constriction and 
downward movement of the globe; in the body is the focus for action 
of the internal rectus muscle, while in the tail, or the caudal zone, next 
to the trochlear nucleus, are the centers for upward movement of the 
globe and superior eyelid. The arrangement also seems to have a 
lamellar character in the horizontal plane. This lamellar distribution 
may be due to the arrangement in the oculomotor rootlets, which emerge 
from the nucleus to run in a ventral and rostral direction (fig. 3). The 
exact localization of the center for pupillary constriction has not been 
considered in detail in this investigation. This problem had already 
been studied in cats by Ranson and Magoun,’’ Magoun and Ranson ® and 
Benjamin.’^’- From our experiments it appears that the center for the 
sphincter pupillae in .the monkey is represented in the most rostral and 
dorsal portion of the oculomotor nucleus, probably in the small cells of 
the Edinger-Westphal nucleus. An interesting observation is the bulging 
of the iris on stimulation of a point near the foci for pupillary constric- 
tion and action of the inferior rectus muscle. The bulge is presumably 

9. Bach, L. : Zur Lehre von den Augenmuskellahmungen in den Stdrungen der 
Pupillbewegung, Arch. f. Ophth. 47:339-386 and 551-630, 1939. 

10. von Monakow, C. : Gehirnpathologie, ed. 2, Vienna, A. Holder, 1905, p. 103. 

11. Benjamin, J. W. : The Nucleus of the Oculomotor Nerve with Special 
Reference to Innervation of the Pupil and Fibers from the Pretectal Region, J 
Nerv. & Ment. Dis. 89:294-310, 1932. 
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due to contraction of the ciliary muscle, which, in turn, causes the lens 
to become more spherical and thus push the iris anteriorly.^^ That 
this action may be obtained without convergence or pupillary constrictor 
movements proves that the ciliary muscle has a distinct localization in 
the oculomotor nucleus. 

SUMMARY 

Electric stimulations and lesions were made in the oculomotor and 
trochlear nuclei of monkeys. These experiments indicate that individual 
ocular muscles are functionally represented within the ipsilateral oculo- 
motor nucleus, while the superior oblique muscle is governed by the 
contralateral trochlear nucleus. The dorsoventral and rostrocaudal 
arrangement of functional representation of the ocular muscles is as 
follows: (1) sphincter pupillae; (2) inferior rectus; (3) ciliary (?): 
(4) inferior oblique ( ?) ; (5) internal rectus; (6) superior rectus; 
(7) levator palpebrarum; (8) superior oblique (contralateral). 

Mr. M. Grabiner gave technical assistance. 

1165 Park Avenue. 

12. Hensen, V., and Voickers, C. V. : Ueber die Accommodationsbewegung der 
Choroidea im Auge des Menschen, des Affen und der Katze, Arch. f. Ophth. 
(pt. 1) 19:156-162, 1873. 
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The present widespread use of electric convulsive therapy in psychia- 
try prompts one to analyze carefully occasional cases of fatality from its 
use. Cerletti,^ citing his original work with Bini, stated that although 
thousands of convulsions have been produced in patients, no deaths have 
occurred. In a survey of this situation by the United States Public 
Health Service ^ in October 1941, 4 such deaths were reported, which 
is a rate of 0.5 per thousand of the total number of patients treated 
by this method. As far as we have been able to ascertain, throughout 
the United States up to June 1942 10 deaths^ including the 2 in our 
experience, have occurred. Of these 10 fatalities, the cause of 2 was 
immediate respiratory failure, the data on 1 were unknown and the elec- 
tric convulsive therapy served as a contributing cause of the others. The 
distribution of the cases is shown in the accompanying table. 

In this paper we wish to discuss 2 cases of death of patients receiving 
electric convulsive therapy. 

REPORT OF CASES 

Case 1. — A man aged 57 with a depressive psychosis was given electric shock 
therapy, with the induction of twelve grand mal and one petit mal seizure. A 
careful preliminary preshock series of investigations was made, including routine 
examination by a cardiologist, who reported that the heart was organically intact 

From the University of Colorado School of Medicine and the Colorado 
Psychopathic Hospital. 

Read at the Sixty-Seventh Annual Meeting of the American Neurological 
Association, Chicago, June 4, 1942. 

1. Cerletti, U. : Annotazioni sull’ elettroshock, Wien. med. Wchnschr. 90: 
1003, 1940. 

2. Kolb, L., and Vogel, V. H. : The Use of Shock Therapy in Three Hundred 
and Five Mental Hospitals, Am. J. Psychiat. 99:90 (July) 1942. 
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Data on Cases of Death Following Electric Shock Treatment 
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and that the electrocardiogram revealed nothing abnormal. The average dose of 
electrical current was 85 volts and 900 milliamperes administered for a duration 
of fifteen-hundredths second. The treatments were given biweekly. After the 
last grand mal convulsion the patient complained of pain suggesting angina pectoris 
and died within one and one-half hours. 

Autopsy Obseivations . — The main pathologic changes were observed in the 
heart and brain. The heart was slightly hypertrophied and showed a soft, moist, 
discolored area in the upper half of the anterior wall and interventricular septum. 
The horizontal branch of the left coronary artery was firm and thickened and 
showed several elevated and partly calcified plaques. The descending branch 
was converted into a rigid, calcified tube with many narrowing plaques. Its 



Fig. 1 (case 1). — Irregular cortical architecture; sclerosed nerve cells; ghost 
cells. NissI stain. 

upper part was impervious for a distance of about 4 cm. ; the lumen was occluded 
by adherent brownish thrombotic masses, which had been deposited on the 
surface of coalescing ulcerated plaques. 

The brain appeared normal in shape, size and weight. The arteries were 
thin walled and free from sclerosis. Sections through the brain revealed only 
one isolated petechia, lying in the subcortical white matter of the left occipital 
lobe. 

Microscopic Study . — Sections taken from the myocardium showed a number 
of small, old cellular scars in various portions. The area displaying grossly 
the diminished firmness exhibited several spots of poor stainability and splitting 
and tortuosity of muscle fibers ; nuclei were in part unstainable, while others 
appeared dark and shrunken. 
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Blocks taken from various areas of the brain were examined histologically by 
numerous methods.^ Under low magnification the brain tissue appeared fairly 
normal at first sight, but closer examination revealed a number of changes, 



Fig. 2 (case 1). — Circumscribed area of recent cortical necrosis. Nissl stain. 



I 

Fig. 3 (case 1). — Astrocytic proliferation in the hippocampus. Nissl stain. 


3. In both cases frontal, parietal, temporal and occipital regions of the 
cortex, the interbrain, the basal ganglia, the thalamus, the substantia nigra, the 
pons, the cerebellum and the medulla were examined; the staining methods of 
Nissl, Penfield, Bielschowsky, Holzer, Rio Hortega, Cajal and Loyez were applied, 
in addition to the use of hematoxylin and eosin and stains for fat. 
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predominantly located in the frontal and temporal lobes. Several small areas 
of devastation appeared to be entirely devoid of nerve cells or contained some 
ghost cells. In some of these areas the glia showed a certain activity; there 
were a few swollen astrocytes and Gliarasen; in addition, a limited number of 
proliferated microglia cells were occasionally observed, their processes containing 
tiny granules of fat in some instances. Furthermore, there was diffuse degeneration 
of nerve cells in the cortex, which was most pronounced in the tops of the con- 
volutions. This degeneration consisted chiefly in shrinkage or sclerosis of cells, 
which appeared dark and elongated with tortuous dendrites. Occasionally there 
was slight vacuolation of the cytoplasm. Elsewhere, paleness or ischemic degenera- 
tion of scattered nerve cells was seen, the neurons being faintly stained, slender 
and triangular, with pale, triangular nuclei. Owing to these lesions, the archi- 
tecture of the cortex appeared irregular in places. The number of astrocytes was 
diffusely increased in a slight to moderate degree in the upper and deep cortical 
layers. The hippocampus showed ischemic changes in scattered nerve cells and 
small areas with swollen astrocytes and absence of nerve cells. There was also 
an increase in the number of astrocytes in the polymorphic cell layer of the 
hippocampus. Other regions of the brain showed the changes described to a far 
less degree. The senile lipoid pigment in the neurons was perhaps more prominent 
than normal for the age of the patient. Senile plaques and fibrillary alteration 
were not seen. No demyelination was noted. Arteries and arterioles were prac- 
tically free from sclerosis. Small accumulations of perivascular pigment were 
occasionally seen in the white matter. There was no noteworthy damage to the 
neurofibrils. 

Case 2. — A man aged 57 was treated by electric shock for a manic reaction. 
He died after the third treatment, immediately after the first grand mal seizure. 
Treatments were given at weekly intervals, and during the first two petit mal 
attacks the patient experienced respiratory difficulties after the seizure. It was 
thought that these reactions were due to administration of curare. Oxygen was 
administered, as well as prostigmine meth)dsulfate. In the last treatment the 
grand mal convulsion was produced with 85 volts and 900 milliamperes, given for 
fifteen-hundredths second. Respiration immediately ceased and, despite artificial 
respiration, administration of the usual stimulants and heroic measures, was 
never reestablished. 

Autopsy Observation . — No satisfactory explanation of the sudden death was 
obtained. 

Microscopic Study . — Examination of the organs of the body was noncontribu- 
tory. Microscopic changes in the brain were present throughout the cortex and 

were not notably accentuated in the frontoparietal region, through which the 

electric current is supposed to have passed. The cortical architecture was fairly 
well preserved. However, there were areas within which a number of nerve 

cells were pale or showed frank ischemic change. This as a rule was so pro- 

nounced as to be recognizable under low magnification. No area with loss of all 
the nerve cells was seen. Scattered single nerve cells throughout the cortex had 
undergone similar changes. A few nerve cells in Sommer’s sector of the hippo- 
campus showed early ischemic change. 

Glial reactions were slight. However, occasional small rod cells were visible 
in involved areas, and swelling of the astrocj’'tes was discernible. Glial changes 
were more noticeable in the hippocampus, particularly in the polymorphic layer. 
In this region the nerve cells appeared to be fairly well preserved but were 



Fig. 4 (case 2). — Irregular cortical architecture; dropping out of neurons; rod 
cells. Nissl stain. 



, Fig. 5 (case 2). — Recent ischemic changes in nerve cells of the hippocampus.. 
Nissl stain. 
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somewhat reduced in number, a few degenerating neurons being seen. Many 
astrocytes, with pale, enlarged nuclei and swollen cytoplasm, were visible with 
the Nissl stain. In Cajal stains their number was estimated to be at least twice 
the normal. 

In the thalamus occasional nerve cells showed very pale, poorly defined and 
vacuolated cytoplasm, with somewhat distorted nuclei and in some instances 
breaking up of the nucleoli. Occasional swollen astrocytes were seen, and 
small glia nodules as well; neuronophagia was noted in rare instances. 

In the basal ganglia the large cells of the striatum were in fair to good 
condition. The small cells showed occasional satellitosis and changes similar to 



Fig. 6 (case 2). — ^Astrocytic proliferation in tlie hippocampus. Cajal stain. 

those in the thalamus. A few ghost cells and some swelling of astrocjdes were 
observed. The changes had a patch}* distribution, with areas in the very vicinity 
which appeared normal. The globus pallidus was in good condition, with occasional 
traces of swelling of tlie vascular endothelium and very slight round cell infiltra- 
tion about a small number of veins. 

The medulla was normal in most areas. However, the dorsal vagus nucleus, 
particularly on the left, showed occasional pale cells witli satellitosis and ghost 
cells \vith neuronophagia. Enlarged glial nuclei and small Gliarasen were seen 
in places. Similar, but less pronounced, glial activitj’" was observed in the 
substantia reticularis and in the nucleus arcuatus. 

All otlier areas examined were practically normal except for slight, almost 
negligible, changes of the t}*pes already described. 
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COMMENT 

The death in the first case was undoubtedly due to the severe coronary 
disease with resulting very early infarction of the myocardium, super- 
imposed on older myocardial damage. Death would probably have 
occurred at any rate within a short time, independent of the electric 
shock therapy. However, the treatment may have accelerated the death. 
It may well be assumed that the collateral circulation and the blood 
supply of the heart were sufficient Avhile the patient remained quietly in 
bed ; the electric shock probablj’’ was an increased burden on the heart, 
leading to failure of coronary blood supply. It is known that electric 
shock of any kind ma)'- involve the coronary circulation, and may even 
cause symptoms of angina pectoris (Alexander^ and Huellstrung ®). 
While in the case of a patient with a normal heart this would not come 
into question on application of the customary electric shock treatment, 
with its weak current, it is easily understood that a patient with severe 
sclerosis of the coronary arteries would not be able to endure the shock. 

The explanation of the fatal outcome in the second case meets with 
great difficulties. The changes in the brain cannot be considered directly 
responsible for the death. They are indicative of some damage suffered 
by the brain during the shock treatment, but they do not answer satis- 
factorily the question of the cause of death. 

It has been known for a considerable time that different persons 
react differently to electric trauma. The literature furnishes examples 
of persons having been killed by currents of 46 volts and 1/100 ampere 
(Welz®). Thus, one might assume an individually increased suscepti- 
bility to slight electric trauma. 

Furthermore, it must not be forgotten that the grand mal seizure ma)'^ 
lead to apnea, “since it produces oxygen lack which depresses the respira- 
tory center, and it also leaves the patient in a comatose state, with a 
variable degree of airway obstruction due to spasm or collapse of the 
pharynx, larynx, lips and tongue,” as asserted by Brill and Kalinowslcy." 
These authors stated recently that no fatal accident has yet been reported 
and that the only danger of the electric shock therapy lies in the possi- 
bility of postconvulsive respiratory arrest ; they reported a case of serious 
but nonfatal asphyxia following a grand mal attack during electric shock 
treatment. 

4. Alexander, L. : Neuropathological Aspects of Electric Injuries, J. Indust. 
Hyg. & Toxicol. 20:191, 1939. 

5. Huellstrung, P. : Starkstromunfall als Ursache von Angina pectoris, Klin. 
Wchnschr. 13:409, 1934. 

6. Welz, A.: Starkstromtod und Hirntod, Virchows Arch. f. path. Anat. 305: 
646, 1940. 

7. Brill, H., and Kalinowsky, L. : Asphyxial Episodes and Their Prevention 
in Electric and Other Convulsive Therapies, Psychiatric Quart. 16:351, 1942. 
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We may well assume that the course of events was similar in the 
present case, with its sudden onset of respiratory failure after the attack. 
Words and his associates ® have recently stated that electrically produced 
convulsions inhibit oxygen uptake, a statement which also agrees with 
our explanation. 

Our assumption appears all the more justified in that lesions in the 
medulla were observed. It must be admitted that they were slight and 
per se probably without great significance. They do show, however, that 
the medullary centers reacted in an unusual fashion to the electric shocks. 
(Even after his two petit mal seizures the patient had respiratory trou- 
ble.®) These centers may have failed, accordingly, in the grand mal 
seizure provoked b}^ the last electric shock. 

The histologic changes in the brain are interesting from several points 
of view. As not only in the first case but also in the second glial reac- 
tions were exhibited which must be considered older than a few minutes, 
we are entitled to assume that not the grand mal seizure but the action 
of the electric current on the brain produces such glial changes, unless 
the petit mal seizure is the cause, which is unlikely. Histologically, well 
discernible lesions in the neurons ma}^ develop experimentally within a 
few minutes (Heilbrunn and Liebert ^°), but according to all experiences 
proliferative changes in the glia require more time. While, therefore, the 
changes in the nerve cells may in part be a sequel of the last grand mal 
seizure, the glial reactions are certainly older and must have been pro- 
duced by the former shocks, which were followed onl}'- b}’- petit mal 
seizures.^^ Corresponding conclusions must be drawn regarding the 
first case. Here, however, the great number of grand mal seizures over 
a long time renders statements as to the genesis of the histologic lesions 
more difficult. All the lesions observed in the brain in both cases were 
brought about by the electric shock treatment, partly, in our opinion, 
in connection with the seizures produced by that treatment ; neither the 
mental condition nor the pathologic changes elsewhere in the body can 
be made responsible for these lesions. 

The histologic lesions in the brain are not to be considered serious. 
Certainly, many of the changes were reversible. The bulk of the paren- 
chyma was left intact. The changes described were in no instance 
incompatible with longer duration of life, and they were by no means 

8. Wortis, S. B. ; Shaskan, D. ; Impastato, D., and Almansi, R. : The Effects 
of Electric Shock and Some Nerve Drugs, Am. J. Psychiat. 98:354, 1941. 

9. The role played by curare appears doubtful. 

10. Heilbrunn, G., and Liebert, E. : Biopsies of the Brain Following Artificially 
Produced Convulsions, Arch. Neurol. & Psychiat. 46:548 (Sept.) 1941. 

11. The question whether one epileptic seizure may produce histologically 
discernible changes in nerve cells in the human brain cannot be definitely answered 
and will not be discussed in this paper. 
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likely to interfere seriously with the normal function of the central ner- 
vous system. One would not be justified in suggesting rejection of 
electric shock therapy on account of the fatalities reported ; these fatali- 
ties should only arouse doubts as to its aj^plicability in the treatment 
of elderly patients, particularly if there is evidence of cardiac involve- 
ment. 

In each of the 2 cases reported a cardiologist was called in consulta- 
tion, complete collaborative electrocardiograms were made and on the 
basis of negative evidence treatment was approved. The indications and 
contraindications for this type of drastic therapy must always be carefully 
evaluated. We should advise repeated check-ups by the cardiologist 
during the progress of the treatment. 

The stimulation of the astrocytes in both cases was considerable and 
recalls what ^Yeil and Liebert described in their neuropathologic study 
of cases of psychoses in which metrazol was used. 

The changes were not limited to the pathway of the electric current, 
although it must be admitted that they were perhaps slightly more 
marked in this region, particularly in the first case ; the differences, how- 
ever, were so little pronounced as to be almost negligible. 

The cerebral lesions are probably due both to direct action of the 
current on the parenchyma (diffuse lesions) and to circulatory dis- 
turbances brought about by the current (focal lesions) in wide areas of 
the brain (Morrison, Weeks and Cobb^®; Alexander Echlin^®). 
The cerebral damage in our case was not much different from that 
seen in animal experiments (Neubuerger, Whitehead, Rutledge and 
Ebaugh^«). 

Different species of animals seem to react in a different fashion to 
electric shock. While we saw parenchymal changes of a slight degree 
as a predominant feature in dogs, Alpers and Hughes observed hem- 
orrhages in the brain and meninges in cats. 

12. Weil, A., and Liebert, E. : Neuropathologic Study of Six Cases of Psychoses 
in Which Metrazol Was Used, Arch. Neurol. & Psychiat. 44:1031 (Nov.) 1940. 

13. Morrison, R. ; Weeks, A., and Cobb, S. : Histopathology of Different 
Types of Electric Shock in Mammalian Brains, J. Indust. Hyg. & Toxicol. 12: 
324, 1930. 

14. Alexander, L.: Electric Injuries of the Nervous System, Arch. Neurol. 
& Psychiat. 47:179 (Jan.) 1942. 

15. Echlin, F. A.: Vasospasm and Focal Cerebral Ischemia: Experimental 
Study, Arch. Neurol. & Psychiat. 47:77 (Jan.) 1942. 

16. Neubuerger, K. T.; Whitehead, R. W.; Rutledge, E. K., and Ebaugh, 
F. G. : Pathologic Changes in the Brains of Dogs Given Repeated Electrical 
Shocks, Am. J. M. Sc. 204:381 (Sept.) 1942. 

17. Alpers, B. J., and Hughes, J. : Changes in the Brain After Electrically 
Induced Convulsions in Cats, Arch. Neurol. & Psychiat. 47:385 (March) 1942. 
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SUMMARY 

Two fatalities following electric shock treatment are reported. In 
the first case death was due to coronaiy occlusion and myocardial infarc- 
tion. In the second case the general autopsy observations were without 
significance. It was assumed that the fatal outcome was due to post- 
convulsive respiratory arrest. Both cases showed rather widespread, 
but not serious, histologic changes in the brain. The pathogenesis and 
the significance of the histologic changes are discussed. The importance 
of repeated careful investigations of cardiac function in patients who are 
considered for electric .'^hock treatment is emphasized.’® 

University of Colorado School of Medicine and Hospitals. 

4200 East Xintli .Avenue. 

18. The articles by B. J. Alpers and J. Hughes (The Brain Changes in 
Electrically Induced Convulsions in the Human, J. Neuropath. 1:173-180, 1942) 
and by G. Heilbrunn and A. Weil (Pathologic Changes in the Central Nervous 
Sj’stem in Experimental Electric Shock, Arch. Neurol. & Ps 3 "chiat. 47:918-930 
[June] 1942) had not come to our attention when this paper was completed. 



ACUTE SYPHILITIC ANTERIOR POLIOMYELOPATHIC 

SYNDROME 


REPORT OF A CASE 

LEWELLYS F. BARKER, M.D. 

BALTIMORE 

In rare instances syphilis has been reported as responsible for the 
origin of the syndrome of acute anterior poliomyelitis. Another case is 
here added to the list, 

REPORT OF CASE 

A white man aged 29 was admitted to the Johns Hopkins Hospital (service 
of Dr. W. T. Longcope) on March 22, 1942, complaining of inability to swallow 
and weakness of both legs. The illness began a fortnight earlier with sore throat 
and temporary double vision. Later he had difficulty in swallowing (fluids regurgi- 
tating through the nose) and increasing paralysis of the legs. A lumbar puncture 
(done at another hospital on the day before admission) revealed a cell count of 
100 cells (small mononuclears) per hundred cubic centimeters of fluid and an 
increase of globulin. It was believed that he had acute anterior poliomyelitis, 
and he was sent to the isolation ward of the Johns Hopkins Hospital. 

His earlier history was without significance except for gonorrhea at the age 
of 29. He denied having had other venereal infections. He was married and had 2 
healthy children. 

Physical examination revealed pronounced dysphagia, flaccid paralysis of both 
lower extremities, moderate weakness of the muscles of the upper extremities and 
absence of knee and ankle jerks. The pupillary reactions, the sphincters and the 
superficial reflexes were at that time normal. 

Laboratory tests revealed slight leukocytosis (10,700 cells) and strongly posi- 
tive Wassermann reactions of the blood and cerebrospinal fluid. 

Though an orthopedic consultant favored the diagnosis of acute anterior polio- 
myelitis, the internists thought it probable, in view of the serologic reactions, that 
syphilis was responsible for the whole clinical picture, especially as the age of 
the patient, the season of the year, the insidious onset of the illness, the absence 
of pain and the peculiar distribution of the paralyses were out of accord with the 
diagnosis of ordinary poliomyelitis. 

Five days after admission, the patient became unable to void urine and had 
to be catheterized regularly. Slight hypesthesia of the left thigh developed. The 
disturbance of bladder function, as well as the hypesthesia, favored the diagnosis 
of neurosyphilis rather than that of Heine-Medin disease. Moreover, absence of 
the virus of poliomyelitis from the feces was proved by inoculation of monkeys 
by Dr. H. A. Howe. 

Under intensive antisyphilitic therapy (bismosol, potassium iodide and intra- 
venous injections of mapharsen) rapid improvement occurred. By March 29 the 
patient could swallow, and tube feeding was discontinued. Muscular strength 
increased later, and the cell count of the spinal fluid fell to 6 cells per cubic 
millimeter. By May 23 the symptoms had largely disappeared. Though there 
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was still some weakness of the lower extremities, it seemed probable that further 
antisyphilitic treatment would make the cure complete. 

It seems certain that in this case one was dealing with meningo- 
vascular syphilis with vascular narrowing (or occlusion) in the domain 
of the system of the sulcocommissural arteries distal to the branches 
that supply the commissure, Clarke’s columns and the bases of the 
posterior horns. In this connection the diagram of the arterial supply 
of the spinal cord accompanying Stahli’s article is worthy of careful 
study. When more proximal arteries are thrombosed, complete recovery 
can scarcety be expected. 

When an acute anterior poliomyelopathic syndrome appears in a 
patient who has syphilis, it would seem wise, therefore, to institute 
intensive antisyphilitic treatment promptly on the chance that changes 
in the cord that are not already irreparable may be prevented from 
becoming so by restitution of better circulatory conditions in the cord 
through regression of the vascular syphilitic process. 

1035 North Calvert Street. 
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ARTERIAL HYPERTENSION FOLLOWING 
METRAZOL SHOCK THERAPY 

WILLIAM C. MENNINGER, M.D. 

TOPEICA, KAN. 

Shock therapy has become one of the most ’widely used treatments 
in psychiatric practice. No report could be found in the literature of 
the initiation of h3'pertension following the use of inetrazol shock therapy. 
In the following case hypertension developed during a course of inetrazol 
shock treatments and has persisted over the four years since the treatment. 

REPORT OF A CASE 

A woman aged 47, with a negative family history for hypertension, had married 
when 26 years of age and had given birth to two children, now aged 18 and 15, 
who are healthy. She had a “nervous breakdown” at the age of 28, from which she 
recovered without hospitalization, and made a satisfactory and happy adjustment 
until her present illness. Her husband’s death in 1934 was a severe blow to her. 
Because of metrorrhagia artificial menopause was produced by roentgen therapy 
in January 1936. After this she appeared less well physically to her friends and 
family, but made no specific complaints. In November 1936 she manifested her 
first mental symptoms, in the form of somatic delusions. She became depressed 
and self depreciatory and expressed the belief that her heart had stopped beating 
and that her organs had disintegrated. She was admitted to a general hospital 
just before Christmas 1936, but showed no improvement; she was transferred 
to the Menninger Psychiatric Hospital in June 1937. 

Here she failed to respond to milieu therapy but continued to have delusions 
and at times required tube feeding. After hearing reports of beneficial results 
with metrazol shock therapy for depressions (my associates and I first used it 
for schizophrenia in October 1937), we decided to employ it in this case. The 
original physical examination had revealed only that the patient had had a 
previous amputation of the breast (in 1935) and was 20 pounds (9.1 Kg.) 
underweight. The results of laboratory examination were normal. The blood 
pressure, measured repeatedly over several months, ranged from 100 to 122 mm. 
systolic and 74 to 88 mm. diastolic. 

The first metrazol treatment was given on May 3, 1938; the blood pressure 
before the treatment was 110 systolic and 80 diastolic, and five minutes after the 
treatment it was 130 systolic and 90 diastolic. In the second treatment, on May 10, 
the pretreatment pressure was 120 systolic and 80 diastolic and the post-treatment 
pressure was 150 systolic and 100 diastolic. On the fourth treatment, on Maj’’ 
17, the pretreatment pressure was 160 systolic and 110 diastolic, and the post- 
treatment pressure was 180 systolic and 100 diastolic. On the fifth treatment, 
on May 24, the initial pressure was 140 systolic and 100 diastolic and the pressure 
after the treatment was 170 systolic and 100 diastolic. On the seventh treatment. 

From the Menninger Psychiatric Hospital. 
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on May 27, the initial pressure was 164 systolic and 100 diastolic and the post- 
treatment pressure was 200 systolic and 110 diastolic. Because it was observed 
that the blood pressure remained elevated and the seven treatments had produced 
no improvement in the mental picture, the metrazol therapy was stopped. 

The shock therapy did not change the patient’s mental state. She dreaded 
each treatment and on every occasion manifested great anxiety prior to the 
session. However, she responded some twelve months later to psychotherapeutic 
help, which, however, was not attempted systematically until about six months after 
the metrazol therapy. She improved sufficiently to leave the hospital in February 
1941 (three and a half years after admission), and since that time she has reestab- 
lished her home, social and communit}' activities and has been fairly well, both 
phj'sically and mentally. The significant change following the metrazol therapy 
was the increased blood pressure, which has remained consistently between 175 and 
190 systolic and 115 and 125 diastolic. There has been no physical complaint, 
and physical and laboratory studies have revealed nothing abnormal. 

COMMENT 

Although a careful search has been made of the literature, the com- 
plication or association of hypertension with metrazol therapy apparently 
has not been recorded. It is well recognized that the blood pressure 
usually increases at the time of the convulsion, just as it did in this case, 
and that the anxiety manifested prior to the treatment often gives rise to 
considerable increase in blood pressure. A survey of 100 cases in which 
we employed treatment with metrazol similar to that in this case (before 
we began the use of curare and electroshock therapy) showed the follow- 
ing figures for maximum blood pressure occurring during the course 


of a series of treatments : 

Mm. Systolic No. of Cases 

No rise over 140 17 

140 to 149 6 

150 to 159 15 

160 to 169 13 

170 to 179 8 

180 to 189 17 

190 to 199 6 

200 to 209 5 

Over 210 (the highest 220) 3 

Fall from pretreatment to post-treatment pressure 10 


In the last group of cases those in which there was a fall from the 
pretreatment to the post-treatment pressure, the decrease is probably 
explained on the basis of the anxiety and apprehension manifested in 
anticipation of the treatment. 

The mechanism of the cardiovascular dynamics or the psychody- 
namics in this case is not clear. One might speculate that the anxiety 
and fear connected with the treatments were as important in producing 
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the hypertension as was the drug or the convulsions. The clinical 
psychiatric picture did not change at the time, either as a result of the 
treatments or with the development of the hypertension, but later it did. 
The psychologic state, as shown by the delusions both before and after 
the metrazol treatment, was nihilistic : The patient said that she had no 
stomach, no lungs, only “what remained of a brain,” etc. She pleaded 
to “be done away with” though she never made any suicidal attempts. 
The unconscious psychologic state, as represented by her hypertension, 
remains self destructive, even to the present time. Many psychothera- 
peutic sessions, continued up to the present, have disclosed a continued 
technic of self defeatism, great activity and effort, with at times poor 
efficiency, and many dreams in which through some action on her own 
part she is acutely threatened. Even without an explanation of the 
cause of the hypertension, this case seemed of sufficient importance to be 
reported. 

Menninger Psychiatric Clinic. 



Technical and Occasional Notes 


AN APPARATUS TO BE USED IN RECORDING 

TREMORS 

Arthur Allen Morris Jr., B.A., Durham, N. C. 

In the present report an efficient and flexible method for recording 
tremor is described. Numerous ways of obtaining graphs with a Marey 
tambour, or related apparatus, have been devised, of which that used 
by de Jong^ is one of the most recent and best. 

The method reported here utilizes a rubber diaphragm over the rim of an 
ordinary “balanced armature” loud speaker. The cone has been sealed with 
multiple layers of collodion and the rubber diaphragm cemented with rubber cement 
to assure air tightness within the chamber. With the tremulous hand placed on 
the diaphragm, motion is transmitted mechanically and produces variation in the 
reluctance of the magnetic path, which thus sets up in the alternating current coils 
a varying electromotive force. This, in turn, is amplified and recorded by the 
electromagnetically operated ink-writing pens of a Grass electroencephalograph.^ 
The paper can be run at different speeds, 3 cm. per second being the rate most 
often used in this clinic. 

This particular unit is designed to vibrate the movable aluminum button in the 
throat of the cone. A short soft iron bar, armature or reed is pivoted at its 
center, so that its ends are free to swing back and forth like a seesaw about this 
pivot. Each end of the armature moves between two pole pieces of the permanent 
polarizing magnet, and these are arranged with the relative magnetic polarity 
shown in figure 1. Around the armature is a stationary coil consisting of several 
thousand turns of fine wire, through which the current is sent. Enough clearance 
is provided between the armature and the inside of the coil so the motion of 
the armature is not restricted by the coils. 

The balanced armature unit has a high degree of perfection and will give good 
performance if it is operated properlj', with some regard for its limitations. One 
of its serious limitations is that for good sensitivity the air gap between the armature 
and the pole pieces must be made very small in order to reduce the reluctance of the 
magnetic circuit and to obtain a strong magnetic field. If the air gap is made 
large in order to provide for greater amplitude of vibration, the strength of the 
field decreases, with a proportionate loss in sensitivity. However, this presents no 

From the Departments of Neuropsychiatry and Physiology, Duke University 
School of Medicine. 

1. de Jong, H., and Schaltenbrand, G. : Deutsche Ztschr. f. Nervenh. 86:129, 
1925 ; Neurotherapie 7 : 1, 1925. These investigators described the use of an ordinary 
muscle pelote attached to the recording muscle by a wide leather band. A tube 
with a fitting piece connected the pelote to a Marey tambour. The lever of the 
tambour was so arranged as barely to touch the surface of the smoked drum. 

^ 2. The amplifiers were built by Mr. A. M, Grass, 100 North Bayfield Road, 
Quincy. Mass. 
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serious problem, for the frequency of the Grass electroencephalograph is limited 
to approximately 75 to 100 per second. 

The mechanism of action is shown in figure 1, and samples of records obtained 
from patients are given in figure 2 A and B. 

APPLICATION OF APPARATUS 

This apparatus is most valuable in recording fine tremors. The 
Grass apparatus is easily capable of measuring a frequency of 75 per 




A 


B 

Fig. 2. — A, recordings of the tremor in a case of paralysis agitans (top) and the 
diadokokinesis (tapping) of the same hand (below). Note the regular, 7 to 8 per 
second tremor, with tapping at 7 to 8 per second. 

B, recordings, showing the hysterical tremor of the hand (top) and the diado- 
kokinesis of the same hand. Compare with A. Note the grossly irregular tremor, 
with several runs of waves at 8 to 10 per second, and the tapping, which is 
distinctly slower than the faster rates of tremor. 

second, which is at least three times as fast as is necessar}’’ in clinical 
work. It is a simple matter to attenuate the excursion of the recording 
needles to differentiate tremor from variations in the position of the 
hatid and finger,s. 
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The apparatus is particular!)^ valuable in measuring the irregularities 
in the total picture, including waxing and waning of the tremor, both 
fine and coarse. 

The apparatus is flexible, for it can be used in any plane. Hori- 
zontal tremors of the hand are especially easy to evaluate, both as to 
frequency and as to irregularity in form of the oscillations, as well as 
to disappearance of tremor under various situations. The apparatus is 
small enough to hold in the hands, if desired, which permits the examiner 
to adapt to unusual positions or even to follow slowly moving parts, 
such as the head in cases of torticollis. 

The apparatus is simple to use with the electroencephalographic 
apparatus. It does not cause outside static electricity sufficient to inter- 
fere with the simultaneous recording of electroniyograms. 

It has three limitations: (1) Coarse, irregular movements, such as 
those of athetosis or chorea, cannot be evaluated; (2) there can be no 
differentiation of asymmetric finger movements which bring different 
fingers down successively in a series of contacts with the diaphragm, 
unless the error is specifically guarded against by getting records from 
single fingers individually, and (3) the relationships of the moving parts, 
that is, the total pattern, cannot be adequately approximated. 

In spite of its limitations, the apparatus records characteristics, 
especially frequency, which might prove useful in seeking the origin of 
tremor, such as striatal or other localized lesions or diffuse metabolic, 
infectious or psychogenic processes. 

Duke University School of Medicine. 



Abstracts from Current Literature 

Edited by Dr. Bernard J. Alper.s 


Physiology and Biochemistry 

Pkeganglionic Components of the First Thoracic Nerve; Their Roi.e in 
THE Sympathetic Innervation of the Upper Extrejiitv. Albert Kuntz 
and John B. Dillon, Arch. Surg. 44:772 (April) 1942. 

In cats and rhesus monkeys the volume pulse wave in the toe or the finger 
pads was recorded by means of the photoelectric pleth}'smograph, while an afferent 
stimulus (ice or faradic stimulation) was applied to one of the lower extremities. 
Records were taken before operation, after extirpation of the second and third 
thoracic segments of the sympathetic trunk and after the additional extirpation 
of the cervicothoracic ganglion. Reflex vasoconstriction was elicited after section 
of all preganglionic fibers below the first thoracic nerve which are involved in 
the si'mpathetic innervation of the upper extremity. Preganglionic components of 
the first thoracic nerve must, therefore, effect synaptic connections with sympathetic 
ganglion cells the axons of which extend into the upper extremity. After extirpa- 
tion of the cervicothoracic ganglion as well, only occasional slight vasoconstriction 
was elicited from some of the digits. This is e.xplained on the assumption that 
these efferent impulses were conducted by sympathetic fibers which arise below 
the third thoracic segment, ascend in the vertebral canal and join the lower cervical 
and first thoracic nerves. If the conditions in man are comparable to those in the 
monkey, it is evident that complete sympathetic denervation of the upper extremity 
cannot be accomplished by any operative procedure which leaves the cervicothoracic 
ganglion with its gray communicating rami intact and does not interrupt the 
preganglionic components of the first thoracic nerve. 

Rasmussen, Montreal, Canada. 

Sympathetic Denervation of the Feet and Legs Occurring Spontaneously 
OR AS A Result of Disease. Harris B. Shumacker Jr., Bull. Johns Hopkins 
Hosp. 71:1 (July) 1942. 

Shumacker studied the effects of denervation on 5 patients, using the following 
criteria : (1) stability of cutaneous temperature on exposure to cold and inability 
to influence the cutaneous temperature by such tests as bodj' heating and procaine 
block of the peripheral nerves ; (2) absence of sweating as ‘shown with the Minor 
test ; (3) occurrence of extremely high cutaneous resistance under conditions which 
favor the lowest possible cutaneous resistance, such as heating the entire body in 
a heating cabinet until general sweating is profuse. 

Both sweating and high cutaneous resistance under the conditions of the test 
were not found to be absent except when the sympathetic innervation had been 
interrupted by anesthesia, operation or disease. All 5 patients showed complete 
loss of sympathetic innervation to various portions of the feet and legs, occurring 
either spontaneously or as a result of their disease. No correlation was noted 
between the areas of hypalgesia and the sharply delimited areas of loss of sympa- 
thetic innervation, and there was no rigid relation between the degree of vasomotor 
disturbance and the loss of sensation or muscular power. 

The circulation in the feet of some of the patients appeared to be better than the 
state of calcification and the occlusion of major arteries would have led one to 
expect. This naturally occurring sympathetic loss should help in the same manner 
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as does sympathectomy in those cases of occlusive disease with a significant 
element of vasospasm, if there are sufficient patent blood vessels in the vascular 
bed to permit an^adequate circulation when they are kept in maximal vasodilatation. 

Price, Philadelphia. 

The Blood Lactate-Pyruvate Relation and Its Use in Experimental 

Thiamine Deficiency in Pigeons. E. Stotz and O. A. Bessey, J, Biol. 

Chem. 143:625, 1942. 

It has been found that in a variety of conditions, such as excitement, exercise, 
anoxia and different degrees of fasting, considerable fluctuation in the pyruvic and 
lactic acid contents of the blood may occur. Nevertheless, a strict relation between 
the two is maintained, so that a normal relation can be expressed graphically or 
by formula. This was found true in human beings, rats and pigeons. Thus, 
although the actual level of pyruvate or lactate individually can serve as a measure 
of the aforementioned factors, and under carefully controlled conditions may even 
reflect true changes in the metabolism of either component, only a deviation in the 
normal relation between the two components is rigorous proof of a more funda- 
mental disturbance. Therefore the use of this relation eliminates the otherwise 
difficult decision as to whether a given increase in pyruvate is due to genuine 
disturbance of pyruvate metabolism or to changes in difficultly controlled experi- 
mental conditions. Such a change in the lactate-pyruvate relation of the blood 
has been noted in pigeons during the course of acute and chronic thiamine deficiency, 
indicating a pronounced decrease in pyruvate breakdown. The use of this relation 
has, in fact, made it possible to note a disturbance of pyruvate metabolism early 
in the course of acute thiamine deficiency and to distinguish with assurance between 
relatively small degrees of chronic thiamine deficiency in pigeons. Since the 
colorimetric determination of lactic acid is so simple, even as compared with the 
pyruvate estimation, it is suggested that both the lactate and the pyruvate level be 
considered, rather than the pyruvate alone, to determine fundamental changes in 
•pyruvate metabolism. Indianapolis. 

The Effect of Cortical Destruction upon Responses to Tones. L. A. 

Pennington, J. Comp. Neurol. 74:169 (Feb.) 1941. 

Pennington studied the effects of restricted bilateral lesions within the audi- 
tory areas of the rat’s cerebrum on (1) the animal’s already acquired level of 
adaptive performance to a 1,000 cycle tone and (2) the acquisition of adaptive 
responses to the same tonal stimulus in the untrained animal. Forty-two male 
albino rats were divided into three groups. In the first group each animal was 
operated on after the acquisition of the adaptive response to tone. After seven 
days the animals were retrained to the original stimulus. Seventeen days later 
some of them were given a second, postoperative retention test. The animals in 
the second group were trained initially thirty days after bilateral cortical opera- 
tions in and near the auditory areas had been performed. The animals in the 
third group serv-ed as controls. They were trained and tested in a manner identical 
with those in the two experimental groups except that no cortical operations 
were performed. After the completion of the postoperative retention tests the ani- 
mals were killed and the brains examined microscopically to determine the extent 
of the lesions. As a result of the study a subordinate region within the auditory 
cortex was delimited. Analyses of the postoperative retention scores indicated 
that partially complete bilateral destruction of the subordinate area alone results 
in reduced efficiency in the auditory problem box. Retention of the adaptive act 
after postoperative retraining was equivalent to the retention of normal animals. 
This was evinced by the marked degrees of retardation in initial learning in the 
case of the animals operated on. Philadelphia. 
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The Significance of an Abnormal Electroencephalogram. Denis Williams, 

J, Neurol. & Psychiat. 4:257 (July-Oct.) 1941. 

Williams studied 901 subjects to determine the relative significance of an 
abnormal electroencephalogram in groups of normal subjects and in persons with 
abnormal states. The electroencephalograms were taken both at rest and after 
overbreathing. The norm and its deviations were evaluated according to certain 
criteria of abnormality, which did not differ essentially from those of other 
investigators. In the normal groups, abnormalities varied from 5 per cent, in 
highly selected normal subjects (R. A. F. personnel), to 10 per cent, in less care- 
fully selected normal subjects from the army personnel. Abnormal electroencephalo- 
grams were present in 26 per cent of a group of psychoneurotic patients, indicating 
a more frequent constitutional abnormality in such persons than in normal subjects. 
The percentage abnormality in patients with epilepsy ranged from 55, in subjects 
with grand mal, to 90, in patients with more than one type of fit. Forty per cent 
of epileptic patients had a normal electroencephalogram between seizures. Accord- 
ing to the author, the abnormalities seen in the electroencephalograms warrant a 
nonspecific diagnosis of epilepsy, but the recognition of the specific type must be 
based on clinical observations. In post-traumatic conditions the percentage abnor- 
mality varied from 40, in chronic states, to 58, in the more acute states. Seventy- 
five per cent of the subjects with an abnormal response to hyperventilation showed 
abnormalities in the resting encephalograms. The autlior arrives at the following 
conclusions: 1. An abnormal electroencephalogram in an otherwise normal subject 
is evidence of an inborn constitutional abnormality involving the central nervous 
system. 2. This abnormality appears to be nonspecific and may manifest itself in 
the subject or his offspring as a behavior disturbance, which may be psychoneurotic, 
psychopathic, psychotic or epileptic. Malamud, Ann Arbor, Mich. 

The Functions of the Cerebellum. L. Ectors, Confinia neurol. 4:181, 1942. 

Ectors states that the cerebellum functions as a retarding center to which tne 
various motor systems are subordinated. Smooth and striated muscles and tonic' 
and dynamic contractions are under its influence. In every muscular contraction 
or tonic reaction an impulse is directed toward the cerebellum, and a retarding 
impulse is returned. This tends to brake the lengthening and shortening of the 
muscles. 

The peculiar histologic character and the uniform structure of the cerebellum 
can be explained only by a uniform and independent function. The absence of 
retardation shows itself in the clinical syndrome and in observations on animals 
in which the cerebellum has been removed. Ectors states that it is possible to 
construct three main reflex arcs. These are the keys to the various motor reflexes, 
and their connections occur at the respective motor centers on which cerebellar 
retardation is exerted. His results are based on known facts and on results of 
e.xperiments on man and animals with injury to the cerebellum. Extirpation in the 
Macacus monkey produces an increase in the amplitude of the vestibular reflexes. 
In the cat and pigeon extirpation does not abolish the static reflex. 

DeJong, Ann Arbor, Mich. 

The Value of Bromide Determinations in the Diagnosis and Treatjient 
OF Bromide Intoxication. M. G. Gray and Merrill Moore, Confinia neurol. 
4:213, 1942. 

Gray and Moore state that the determination of the bromide concentration in 
the blood has become common as an aid in the diagnosis and treatment of patients 
with mental disease. There is an individual variation in the capacity to excrete 
bromides, however, and this and other factors, including the chloride intake and 
excretion, the dietary intake and the water balance, are all of importance in 
bromide intoxication. These factors have been overlooked by most investigators. 
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The bromide level of the blood at which toxic symptoms appear and the extent 
of chloride replacement vary. Cases have been reported in which persons with 
an extremely high bromide content of the blood showed no toxic symptoms and 
others in which bromide intoxication was demonstrated while the bromide level 
was low. Determination of the blood bromides is valuable when carried out 
accurately, but because of extreme individual variations it is useless to attempt to 
correlate the symptoms with absolute bromide levels. Comparison of the chloride 
and the bromide levels in the blood and urine is more valuable than isolated 
determinations of the blood bromides, but all laboratory data should be used only 
as presumptive evidence, the clinical condition of the patient being the more 
important diagnostic and therapeutic index. DeJong, Ann Arbor, Mich. 

Nitrogen Balance in Patients Suffering from Melancholia. H. I. Schou 

and C. Trolee, Acta psychiat. et neurol. 16:243, 1941. 

Schou and Trolle examined 16 patients with melancholia, IS of whom were 
women and 1 a man. All were classified as manic depressive. In 14 of the 16 
cases a nitrogen retention of 0.5 to 1.5 Gm. of nitrogen in twenty-four hours was 
found. During metrazol treatment this retention was further increased. After 
recovery, either through metrazol treatment or spontaneously, the nitrogen excre- 
tion was at the same level as the nitrogen intake. The 2 remaining patients had 
an increased nitrogen excretion during their melancholia. After recovery the 
nitrogen excretion equaled the nitrogen intake. The authors conclude that melan- 
cholia is apparently associated with abnormal nitrogen metabolism, since in none 
of their 16 patients were the nitrogen intake and the nitrogen excretion at the 
same level. These findings were constant in the patients at several examinations, 
and at no time did a patient change from one type to another. 

Adler, Boston. 

The Behavior of Motor Units in Healthy and in Paretic Muscles in Man. 

H. Seyffarth, Acta psychiat. et neurol. 16:261, 1941. 

Seyffarth found that as fatigue develops in voluntary muscular effort there 
is a gradual decline in the frequency of discharge of individual motor units in 
the muscle. This indicates that fatigue is accompanied by progressive inhibition 
(slowing) of discharge from the. anterior horn cells, due either to “primary” 
fatigue of the cells or to the inhibiting effect of afferent impulses from the acting 
muscles. Since occlusion of the blood supply of the limb or direct pressure on 
the mixed nerve to the muscle greatly enhances this decrease in frequency of 
discharge, the author concludes that the inhibiting effect of afferent impulses from 
the acting muscles is the more important causal factor. 

Seyffarth found that the electrical changes accompanying fatigue are the same 
in paretic muscles (old poliomyelitis; traumatic palsy) as in normal ones. 

Brenner, Boston. 


Psychiatry and Psychopathology 

The Origin and Development of. Nervous Disturbances Experimentally 
Produced. W. Horsley Gantt, Am. J. Psychiat. 98:475 (Jan.) 1942. 

Gantt extended study of the original -pavlovian experimental neuroses along 
three main lines ; the production of a chronic anxiety-like neurosis, the early 
detection of the breakdown by measurements of autonomic function, with the 
animal under artificial strain, and study of such a state of imbalance, together 
with the involvement of physiologic systems. He used a classic pavlovian method 
for inducing conditioned reflexes in animals and then, b}' the interjection of a 
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difficult situation based on a strong excitation, induced a conflict. In an acute 
conflict, the dog showed variations in his general behavior, loss of equilibrium 
between all the conditioned reflexes and, finally, variations in heart rate and 
respiration. An incipient nervous imbalance could be detected by measuring the 
departure from normal in certain autonomic responses. Development of a per- 
manent disturbance under strain tends, at least in part, to have effects on the 
stability of the animal, for of 3 animals subjected to identical situations of con- 
flict, in 1 a chronic neurosis developed for a period of nine years. Throughout this 
time the former food signal produced the response of an ordinary dog to actual 
pain. Any new elements brought into the old environment became capable of 
producing this response. When exposed to the environment or to the specific 
stimuli, this animal manifested inhibition of salivary secretion, a respiratory tic 
or other changes in respiration, tachycardia, intractable pollakiuria and decrease 
in the time required for sexual reflexes, such as erection and ejaculation. Normal 
sexual relations have a temporary dissipating effect on the neurosis. The twenty- 
four hour activity of neurotic animals does not differ from that of the normal. 
The dog with chronic neurosis was rested for eighteen months in the laboratory, 
with no effect on the neurosis. He was then transferred to the country for two 
months, where he showed considerable improvement, but on his being returned to 
the laboratory, the symptoms gradually reappeared. Forster, Boston. 

Electroencephalographic Studies in Delinquent Behavior Probleji 
Children. Normal Q. Brill, Herta Setdemann, Helen Montague and 
Ben H. Balser, Am. J. Psychiat. 98:494 (Jan.) 1942. 

Brill, Seidemann, Montague and Balser made electroencephalographic studies 
on 28 children with delinquency behavior problems, who varied in age from 7 to 
IS years. Two of the children with sexual offenses but no other behavior dis- 
order had normal electroencephalographic tracings. Three children were neglected, 
and they likewise had no electroencephalographic disorders. Si.x children were 
classified as having behavior disorders associated with known or suspected disease 
of the brain or epilepsy. Of these, all but 1 had abnormal cortical potentials. 
Six children had behavior disorders with pronounced neurotic or psychotic 
features, and 4 of these had abnormal electroencephalographic tracings. The 
remaining 11 children suffered from behavior disorders unassociated with overt 
organic or functional disorders, and 8 of these had abnormal electroencephalo- 
grams. 

In view of the high incidence of electroencephalographic abnormalities asso- 
ciated with such behavior disorders (61 per cent of 28 cases), the authors suggest 
the presence of an underlying cerebral disorder in the majority of children pre- 
senting severe behavior problems. Forster, Boston. 

Delinquency and the Electroencephalograph. Warren T. Brown and 
Charles I. Solomon, Am. J. Psychiat. 98:499 (Jan.) 1942. 

Brown and Solomon made electroencephalographic studies on 20 boys com- 
mitted to a state training school for delinquency. Only 3 of the 20 boys had 
normal cortical potentials. Eleven had slow, square-topped waves, similar to those 
seen with psychomotor epilepsy. Three patients presented a subclinical petit mal 
type of activity, while the remaining 3 showed abnormal cortical potentials not 
characteristic of either the petit mal or tlie psychomotor type of disturbance. 
All patients with severe or moderate degrees of delinquency showed abnormalities 
of the electroencephalogram. Seven patients with conspicuous behavior difficulties 
had grossly abnormal electroencephalograms of the psychomotor type and were 
placed under treatment with dilantin. The results of this therapy are encouraging 
to date. Forster, Boston. 



ABSTRACTS FROM CURRENT LITERATURE 


131 


Alcoholism and Mlental Disorder in Massachusetts, 1917-1933. Neil A. 

Dayton, Merrill Moore, Dorothy A. Kunberger and M. Geneva Gray, 

Quart. J. Stud, on Alcohol 3:50, 1942. 

In this study of 56,579 first admissions to mental disease hospitals in Massa- 
chusetts, it was found that chronic alcoholism was a prominent factor in about 
one fifth of the total number. The high point for admissions due to this factor 
was 1917, and never again during the era of national prohibition did its incidence 
become as high. In both males and females, chronic alcoholism was most preva- 
lent between the ages of 40 and 49. Single marital status, education, rural 
habitat, comfortable economic status and native-born parents were all factors 
associated with a minimal occurrence of alcoholism in this group of patients. 

Drayer, Philadelphia. 

Acculturation Processes and Personality Changes as Indicated by the 

Rorschach Technique. A. I. Hallowell, Rorschach Research Exchange 

6:42 (April) 1942. 

Hallowell wished to test the thesis that if there is close connection between 
the organization of personality and culture patterns, changes in culture should 
produce changes in personality. The Rorschach technic was used to test exactly 
to what extent this method, combined with other means of observation, could be 
used in the study of personality and culture. 

The subjects were two groups of Indians; the Lakeside Indians, consisting of 
35 men and 23 women, and the Inland Indians, consisting of 30 men and 13 women. 
In addition, 49 children of both groups were studied. The Inland group was by 
far the least accultured and still clung to many native habits. The Lakeside 
Indians were the most accultured and had discarded all native customs. The- latter 
group had had the most contact with white men and their ways of living, although 
the Inlanders also had had some contact. 

From the test, it was found that the Inland Indians had pronounced “intro- 
versive” tendencies. They were long in answering; their answers were cautious 
and deliberate; they appeared to be inhibited and showed a fear of self expression. 
The Lakeside Indians, on the other hand, answered with great speed, which 
almost averaged that of the white man, and appeared less inhibited. Among the 
children, however, even the Inlanders nearly approached the speed of white men 
in answering. 

The Inland men were found to be the most introversive, and their women 
were only less so by a small degree. In the Lakeside group, the men were also 
the more introverted of the two sexes. Their women had been most affected by 
contact with white men through intermarriage and had gone far in assuming the 
habits of the white people. 

Personal and social adjustments showed that the women were by far the better 
adjusted, particularly in the Lakeside group. Marcovitz, Philadelphia. 

The Relation Between Blot and Concept in Graphic Rorschach Responses. 

ICate N, Levine and Joseph R. Grassi, Rorschach Research Exchange 6:71 

(April) 1942. 

In the graphic Rorschach technic the subject is permitted to present his own 
drawing of what he sees in each Rorschach blot. 

One hundred and fifty subjects were tested and 1,700 drawings were obtained. 
The presentations varied from exact copies of the blots (“blot-dominated” 
responses) to drawings which contained none of the outstanding blot elements 
(“concept-dominated” responses). The former type of drawing always showed 
a clear picture of the blot and could be recognized easily, but the concept-object 
was rarely obvious. The latter type of response showed a clear picture of the 
object, but the blot to which it referred was hard to determine. 

On analysis, the subjects who used the “blot-dominated” responses were 
patients with dementia paralytica, cerebral injury, arteriosclerosis, alcoholism with 
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encephalopathy and convulsive disorders with demonstrable' organic pathology. 
Deteriorated schizophrenic patients, some depressive patients and some mentally 
defective persons used this interpretation also, but to a lesser degree. No normal 
subjects used it. The author explains that the group using this interpretation to 
the larger degree had lost the ability to abstract and had reacted to the immediate 
situation presented. The group using this interpretation to a lesser degree did so 
not from compulsion but from lack of a clear independent concept. 

The graphic Rorschach method has made it possible to understand better the 
responses of the disturbed mental function. Marcovitz, Philadelphia. 


Psychiatric Problems in Military Aviation. R. Barry Bigelow, War Med. 

2:381 (March) 1942. 

Psj'chologic difficulties are the most common cause of flying problems. They 
commonly cause breakdowns before the flier has had 200 flying hours. Bigelow 
reviews these difficulties in three situations: the methods of selection of pilots; 
the difficulties arising during the training period, and the problems arising in 
active service. 

There are no adequate criteria yet known whereby the selection of pilots can 
be made with any exactness. Those who become successful pilots seem to have 
three characteristics: (1) a strong desire to fly; (2) a college education, and 
(3) good judgment. Those who fail as pilots seem to have the following charac- 
teristics: (1) an indifferent attitude toward flying; (2) a grade school education, 
and (3) evidence of emotional instability in their history. 

The author advises that in the present state of knowledge, it is important 
that the applicant's examination include (1) a questionnaire on his life history, 
(2) the Wonderlic modification of the Otis intelligence test, (3) a personal inter- 
view with a psychiatrist, (4) some psychomotor coordination test and (5) the 
Rorschach test. 

Among 1,200 to 1,800 students in training, the following causes of inefficiency 
were found: „ , 

Student Pilots Student Pilots 

Referred for Neuro- Appearing Before the 
psychiatric Consultation, Advisory Board, 
Diagnosis January to June 1940 January to June 1940 


Schizophrenia 2 

Mild depression 2 

Anxiety state 1 

Paranoid trend 0 

Conversion hysteria 

Predominantly sensory 0 

Predominantly motor 2 

Predominantly visceral 2 

Hypochondriasis 0 

Phobia 3 

Obsessive thinking 0 

Psychopathic personality 0 

Constitutional inadequacy 1 

Fear reaction to flying 8 

Fear of failure seriously interfer- 
ing with performance 0 

No psychiatric diagnosis 3 


0 

0 

1 

4 

3 

2 

0 

1 

1 

1 

1 

2 

8 

24 

46 


24 


94 



ABSTRACTS FROM CURRENT LITERATURE 


133 


If there was a previous clearcut history of an actual neurosis or psychosis or 
of a definite trend in that direction, the candidate was usually pronounced unsuit- 
able. Applicants who were borderline and showed a schizoid psychopathy, a mild 
reactive depression, a tendency to be irritable and to project their difficulties 
under discipline or criticism, tenseness and anxiousness, conversion symptorns and 
excessive, but easily relieved, fatigue had to be judged as to flying ability on 
their individual symptom pictures. 

Pilots and ground crews on active service showed much fewer psychologic 
difficulties than students because they had lost their fear of flying and had no 
fear of not becoming successful fliers — ^two difficulties that occurred rather com- 
monly among the student fliers. Their psychologic difficulties were as follows: 


Diagnosis Flying Personnel 

Mild depression 1 

Anxiety state 1 

Hysteria 

Predominantly psychic 0 

Predominantly sensory 0 

Predominantly motor 0 

Compulsion neurosis 1 

Psychopathic personality 0 

Constitutional inferiority . . . .' 0 

No psychiatric diagnosis 2 


Others 

0 

2 

2 

2 

0 

0 

7 

3 

1 


5 17 

Pearson, Philadelphia. 


Diseases of the Spinal Cord 


Spinal Extradural Cysts. Frank H. Mayfield and Everett G. Grantham, 
Surgery 11:589, 1942. 


Mayfield and Grantham add 2 cases of extradural spinal cyst to the 14 already 
reported in the literature. They suggest that the condition may be more common 
than the small number of reported cases indicates. The symptoms may resemble 
those of multiple sclerosis closely, and hence in some cases operation may never 
be performed. 


The cyst in 1 of the cases communicated through its pedicle with the sub- 
arachnoid space. It was emptied and filled several times at operation before it 
was removed in order to demonstrate the communication clearly. The authors 
suggest that such intermittent changes in volume may account for the remission 
of symptoms often observed in cases of this lesion. Their case supports the 
hypothesis that extradural cysts arise from herniations of the arachnoid through 
defects in the dura. The symptoms followed an injury initially, and the authors 
point out that the dural defect may be traumatic in origin. The second case was 
notable because of a history of four remissions of symptoms. 

In most of the cases described symptoms developed in adolescence. Paraplegia 

appearing at this time of life should be followed by careful search for evidences 

of. tumor of the spinal cord even though sensory disturbances and pain may be 

minimal or absent. ni-M j i i.- 

Drayer, Philadelphia. 


Symptomatology and Pathology of Spinal Arachnoiditis. Adolf Juba, 
Deutsche Ztschr. f. Nervenh. 152:37, 1941. 

Juba describes 2 cases of spinal arachnoiditis in men aged 57 and 50 respec- 
tively. The^ first patient died four days after operation and the second shortly 
after operation. Histologic examination revealed chronic proliferative changes in 
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the meninges, causing obliteration of the subarachnoid space. The spinal cord 
showed myelin degeneration and disease of the vessels. The author assumes that 
in the first case the disease developed on a syphilitic basis, since the serologic 
reactions were positive for syphilis. In the second case the pathologic picture in 
the spinal cord was classified as subacute necrotic myelitis. Spinal arachnoiditis 
is considered a syndrome which may be caused by various agents. Operation is 
indicated when there is evidence of compression of the cord, but the results are 
dubious. When the disease has progressed to the spinal cord, which seems to 
occur sooner or later in all cases observed, operation cannot be e-xpected to bring 
relief. The author advises energetic treatment of the underlying disease whenever 
possible. Adlek, Boston. 

Pathology and Pathogenesis of Landry’s Paralysis. W. Dansmann, Ztschr, 

f. d. ges. Neurol, u. Psychiat. 170:373 (Sept.) 1940. 

Dansmann reports IS cases of Landry’s paral 3 'sis, 10 with recovery and 5 ending 
fatally. The author feels justified in including the 10 cases of recovery in spite 
of the fact that dysphagia was present in only 1. He believes these cases are 
instances of a milder form of the disease,, without involvement of the bulb. In 2 
of the fatal cases signs of bulbar disturbance did not appear until three weeks 
after the onset of the illness. The course of the disease in the cases of the 
benign form, the absence of febrile reactions and the character of the changes in 
the spinal fluid favor the inclusion of these cases with those of the more typical 
Landry’s paralysis with a fatal outcome. 

All the patients were adults, the j'oungest being 24 and the oldest 63. There 
were only 3 women in the series. Only 6 patients gave a history of infection of 
the upper respiratory tract before onset of the disease. Most of the patients 
had an acute course, the maximum intensity of the illness coming on not later than 
a week from the time of onset. In 2 patients, as already noted, the bulbar symp- 
toms appeared after an apparently stationary course of three weeks. The clinical 
picture was predominantly that of lower motor neuron paralysis. There were, 
however, some sensory changes in almost every case, often limited to paresthesias 
and pain. Striking objective sensory changes were absent. In most instances 
the sensory changes were segmental. No definite level lesion was present in anj^ 
case. In 1 case the sensory changes were of a peripheral pattern (ulnar and 
median). The changes in the spinal fluid consisted chiefly of increased protein, 
with mild or no pleocytosis. There were no clinical changes pointing to cerebral 
involvement. In cases of the benign form there was usually complete recovery, 
without residuals. 

The anatomic changes were often out of all proportion to the severity of the 
clinical picture. The disease is mainly one of the peripheral neurons, the anterior 
and the posterior roots being equally affected. The spinal ganglia were not 
severely involved. The changes in the peripheral neurons consisted of Ij'mphocytic 
infiltration, with little change in the axis-cylinders. The changes in the spinal 
cord and brain were mild and were chiefly perivascular round cell infiltrations, 
usually lymphocytic. Changes were observed especially around the third ventricle 
and in the region of the nuclei of the cranial nerves. Changes in the ganglion cells 
were minimal. In almost all the cases there was some meningeal infiltration over 
the cerebral hemispheres. There was little evidence of direct spread to the brain. 
The anatomic changes suggested extension by the blood stream. The author found 
more cellular infiltration of muscle than has been reported by other investigators. 

Dansmann suggests a toxic cause for the diffuse changes described. He does 
not favor the theory that the illness is a virus infection and offers no suggestion 
as to the nature of the intoxication. Savitsky, New York. 
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Peripheral and Cranial Nerves 

Vitamin Deficiencies and Liver Cirrhosis in Alcoholism. Norman Jolliffe, 
Quart. J. Stud, on Alcohol 1:517 (Dec.) 1940. 

Jolliflfe concludes from his studies that (o) no alcohol addict with an estimated 
adequate vitamin B intake had polyneuritis, and (b) every alcohol addict with an 
estimated absolute deficiency of vitamin B for twenty-one days or more had 
polyneuritis. Polyneuritis may develop in an alcohol addict as early as the 
seventh day of estimated absolute deficiency of vitamin B. He states that “alcohol 
has no direct toxic action (chronic) on the peripheral nerves and that polyneuritis 
in the alcohol addict is due to vitamin B deficiency.” He asserts that the neuro- 
pathologic and clinical identity of polyneuropathy and beriberi stands today 
unchallenged. There is slightly less argument in regard to etiology. While no 
one doubts the basic nutritional deficiency in alcoholic neuropathy and the avi- 
taminotic nature is also recognized, there are some dissenting views with regard 
to 'the specific vitamin involved. The majority of investigators believe the basic 
etiologic factor is a vitamin Bi deficiency. ^ 

Belief in direct causation of polyneuropathy by alcohol has had to be abandoned in 
view of the following facts ; (a) the identity of “alcoholic” neuropathy and beri- 
beri, (b) the failure of neuropathy to develop in alcoholized animals, (c) the failure 
of alcoholic neuropathy to develop in adequately nourished alcoholic persons and 
(d) experimental production by vitamin Bi-deficient diets of the characteristic symp- 
toms in the peripheral nerves and the clinical signs of neuropathy, including the 
neurasthenic manifestations which, the author states, always precede the onset of 
peripheral neuropathy. Braceland, Chicago. 

Symptom.\tic Herpes Zoster. Carl Mumme, Deutsche Ztschr. f. Nervenh. 
152:67, 1941. 

Mumme describes the case of a man aged 39 whose right testis had been 
removed because of a seminoma and in whom multiple metastases later developed 
in the lymph glands and abdominal organs. A paravertebral metastasis had com- 
pletely destroyed the spinal ganglion of the twelfth thoracic nerve and had grown 
into the vertebral canal. The twelfth nerve failed to show tumor tissue at autopsy. 
Seven years after extirpation of the seminoma, and several years after the first 
metastases had appeared, extensive herpes zoster developed over the right lumbar 
region and the right thigh, i. e., over the eleventh dorsal to the second lumbar 
segments. The patient died nineteen da 3 ’-s afterward. The spinal ganglia of the 
eleventh thoracic and first and second lumbar nerves showed inflammatory changes, 
with many plasma cells. The picture was characteristic of herpes zoster caused 
by a virus. In the opinion of the author, the metastases of the seminoma favored 
the growth of the virus and did not cause the herpes zoster, /^dler Boston 

A Case of Sub.vcute Ascending Polyradiculoneuritis with Albuminocyto- 
LOGic Dissociation. T. Ott, Schweiz. Arch. f. Neurol, u. Psychiat. 48:83, 
1941. 

A woman aged 49 had periarthritis of the left shoulder on first examination. 
She had alwaj's been in frail health and for two years had been subject to attacks 
of furunculosis. Some months before she had suffered from sciatic neuritis. The 
periarthritis subsided nine months later, but soon the furunculosis recurred and 
injections of autogenous vaccine, which were given for the latter condition, 
induced mild febrile reactions. A year after the first examination the patient 
began to complain of weakness in her lower extremities and of pain in the back, 
legs and tips of the fingers. Examination revealed a sluggish pupillary reaction 
to light, temporal pallor of the left optic disk, absence of the knee and ankle 
jerl<s and anesthesia of the distal type, which was present in all four extremities 
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but was more pronounced in the lower limbs. Deep sensibility was .impaired to a 
greater degree than was superficial sensation. The calves and nerve trunks were 
tender on pressure; there was considerable ataxia, and weakness was severe in 
the lower extremities. The sedimentation rate of the red blood cells was greatly 
increased, and the spinal fluid contained 1 lymphocyte per cubic millimeter and 
2.684 Gm. of total albumin per hundred cubic centimeters. Loss of power later 
became profound in the upper as well as in the lower limbs, and finally the 
cranial nerves were affected; swallowing was embarrassed, and temporal pallor 
of both optic disks was observed. Forty-nine days after the first appearance of 
weakness signs indicative of massive pulmonary involvement were noted, and two 
days later there was evidence of serious renal involvement. The patient died 
fifty-four days after the onset of her last illness. 

Autopsy disclosed thrombosis of the left femoral vein, bilateral pulmonary 
embolism, lipoid nephrosis, chronic hypertrophic gastritis and cholelithiasis. Histo- 
logic study of the nervous system revealed degeneration without inflammatory 
reaction in the spinal nerve roots and the posterior ganglia. The degenerative 
process was especially intense in the’ lumbosacral roots, with predilection for nerve 
fibers of large caliber, the myelin sheaths being involved to a greater extent 
than the axis-cylinders. The peripheral nerves were not examined. Retrograde 
degeneration of the anterior horn cells of the lumbosacral segments of the spinal 
cord and ascending degeneration of Goll’s tracts were also noted. The blood 
vessels of the spinal nerve roots, leptomeninges and spinal cord were dilated and 
filled with blood but showed no other alteration. The cerebral peduncles were 
not examined ; elsewhere in the brain stem the nuclei of the cranial nerves 
appeared to be normal. Aside from congestion of the blood vessels, nothing 
remarkable was observed in the cerebral hemispheres. As congestion of the small 
vessels was not confined to the nervous system, it seemed attributable, at least 
in part, to venous stasis resulting from failure of the respiratory and circulatory 
systems. The view is expressed that although infection by a neurotropic virus 
may have prepared the terrain, the polyradiculoneuritis was primarily of toxic- 
infectious origin. Daniels, Denver. 

Vegetative and Endocrine Systems 

Blood Sugar in a Case of Complete Hypophysectomy. James Finlay Hart 
and Morton Magiday, Arch. Int. Med. 68:893 (Nov.) 1941. 

Hart and Magiday report the case of a 33 year old man who complained of 
headaches and failing vision for more than two years. Examination indicated that 
he had a pituitary tumor, and operation was performed in two stages. The surgeons 
believed that they had performed a complete hypophysectomy when they removed 
the tumor, a meningioma. About two years later the patient was again admitted 
to the hospital complaining of visual failure and abdominal cramps. He gave the 
appearance of being prematurely aged and had a high-pitched voice and feminine 
distribution of hair. There were marked hyperesthesia and hyperalgesia over the 
entire body. The fasting blood sugar levels were 80, 45 and 34 mg. per hundred 
cubic centimeters on different days. The results of sugar tolerance tests were 
somewhat erratic, with a tendency to a delayed rise and a flat curve. 

It has previously been thought that the pituitary gland is essential to life, but 
recent work has seemed to refute this theory. From their studies on the patient, 
the authors agree that the pituitary is not indispensable. They suggest that the 
gland functions as a mechanism to raise the blood sugar level, since its removal 
produces low blood sugar values without shock and a plateau type of dextrose 
tolerance curve. Beck, Buffalo. 
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Tuberculoma of Hypophysis with Insufficiency of Anterior Lobe. Jack 

D. Kirshbaum and Herman A. Levy, Arch. Int. Med. 68:1095 (Dec.) 1941. 

Among 14,160 autopsies performed at Cook County Hospital from 1929 to 
1940, Kirshbaum and Levy found only 2 cases of tuberculosis of the anterior lobe 
of the pituitary with symptoms of pituitary insufficiency ; yet there were 652 cases 
of various types of pulmonary tuberculosis and 368 cases of tuberculous meningitis. 
Neither of the 2 cases of hypophysial tuberculoma occurred in patients with 
tuberculous meningitis. 

In the first case, that of a woman, the criteria for the diagnosis of pituitary 
cachexia (Simmonds’ disease) were fulfilled with amenorrhea, severe asthenia, 
marked and rapid loss in weight, hypotension, dryness of the skin and hair, low 
basal metabolic rate and high dextrose tolerance. Autopsy revealed complete 
destruction of the anterior lobe of the hypophysis by a tuberculous lesion. In 
the second case, that of a man, signs of pituitary failure, such as a eunuchoid body 
build with female distribution of hair and hypotension, were present. Autopsy 
disclosed an old sclerosed tuberculoma of the anterior lobe of the hypophysis, with 
effects of prolonged pressure on the optic chiasm. 

The pathologic picture of tuberculosis of the hypophysis as described by 
Simmonds may be associated with, or secondary to, the following conditions : (1) 
acute miliary spread of the disease; (2) nearby meningitis or osteomyelitis of the 
sphenoid bones, or (3) hematogenous metastasis, with formation of large but slow- 
growing conglomerate tubercles. The first two types are acute, run a rapid course 
and generally terminate in early death ; they usually do not produce local symptoms, 
but if local symptoms result they are overshadowed by the general picture of the 
causative disease. The third type, however, can produce various syndromes as a 
result of pressure on the pituitary gland and on the surrounding structures, similar 
to any expanding lesion in this area. 

Tuberculosis of the hypophysis is a very infrequent manifestation of tuberculosis 
of the central nervous system. Pituitary cachexia is rarely 'due to the destructive 
effect of tuberculosis, since there are but 3 authenic cases on record, including 
the case the authors report. Buffalo. 

The Electro-Encephalogram in Addison’s Disease. W. C. Hoffman, R. A. 

Lewis and G. W. Thorn, Bull. Johns Hopkins Hosp. 70:335 (April) 1942. 

Twenty-five patients with Addison’s disease were studied with a Grass ink- 
writing, 6 channel instrument and a kymograph speed of 30 mm. per second. 
Sensitivity to voluntary hyperventilation was estimated by measuring the time 
which elapsed before large, slow waves appeared. Sensitivity to low oxygen 
tension was studied by administering a mixture of 12 per cent oxygen in nitrogen 
for ten minutes. A dry meter was used to measure the respiratory volume 
before, during and after the exposure. In 18 of 25 patients definite abnormalities 
were observed in the resting pattern of the electroencephalogram, which was 
characterized by the following changes: 1. The presence of oscillations that were 
slower than the normal alpha rhythm. These had a predilection for the frontal 
area of the cerebral cortex, and were relatively refractory to the usual effect of 
opening the eyes. The abnormalities in the resting pattern were typical but 
cannot be considered pathognomonic, as several other conditions are known to be 
associated with slowing of the general frequency. 2. Unusual sensitivity of the 
electroencephalogram to voluntary hyperventilation. This was observed in 15 of 
22 patients with Addison’s disease and occurred much earlier than in normal 
persons. 3. Reduction in the incidence of low voltage-high frequency activity 
(beta waves). 

The abnormalities of the electroencephalogram during rest may progress during 
synthetic “hormone” therapy. Treatment with desoxycorticosterone acetate, aqueous 
adrenal cortex extract or intravenous infusions of dextrose failed to correct the 
abnormality in the resting pattern. The high cost of continuous therapy with 
aqueous adrenal cortex extract precluded administration for a prolonged period. 



138 


ARCHIVES OF NEUROLOGY AND PSYCHIATRl 


It was apparent from the study that restoration of blood pressure, plasma 
volume and electrolytic concentration failed to prevent the occurrence of the 
electroencephalographic abnormalities in the resting pattern. However, adrenal 
cortex extract therapy and intravenous infusion of dextrose did in some patients 
effect a marked reduction in the sensitivity to hyperventilation. 

Price, Philadelphia. 


Treatment, Neurosurgery 

Conditioned Reflex Ther.^pv of Alcoholic Addiction : V. Follow-Up Report 
OF 1042 Cases. Walter L. Voegtlin, Frederick Lemere, Williaji R. 
Broz and Paul O’Hollaren, Am. J. M. Sc. 203:525 (April) 1942. 

Voegtlin, Lemere, Broz and O’Hollaren, in a follow-up report, present addi- 
tional data on a series of 1,042 cases of alcoholism over an observation period 
of five and a half years. Among 827 cases, 532 cases of abstinence (58.6 per 
cent) and 295 cases of relapse (41.4 per cent) were found. In 170 cases in which 
treatment was given during the most recent six month period (the last half of 
1940), the incidence of abstinence was 85.9 per cent and that of relapse was 
14.1 per cent. In the original series of 1,042 cases, there were 43 deaths since 
treatment had been completed. At the time of the original publication of this 
method, in 1940, about 60 per cent of cures was expected. Of 142 cases observed 
from four to five and one-half years, cure was effected in 44.7 per cent, cure 
being defined as total abstinence of alcohol of all kinds for four years after 
completion of treatment. Michaels, Boston. 


The Treatment of Certain Muscular Atrophies with Vitamin E, with a 
Note on Diagnosis and the Electromyograms. H. R. Viets, E. H. 
^ Trowbridge Jr. and T. E. Gundersen, Am. J. M. Sc. 203:558 (April) 
1942. 


Viets, Trowbridge and Gundersen selected 21 patients for treatment with 
vitamin E in the form of alpha tocopherol acetate, given either by mouth or 
subcutaneously. Eleven patients with a condition diagnosed as amyotrophic lateral 
sclerosis, 6 with progressive muscular atrophy and 4 with peroneal muscular 
atrophy of the Charcot-Marie-Tooth type were treated over a period of ten 
months, between April 1940 and February 1941 inclusive. The authors believe 
the diseases in question are syndromes, not only because of their multiple causes 
but in view of their symptomatic variability. Sensory symptoms of any kind 
associated with bulbar paralysis, progressive muscular atrophy or amyotrophic 
lateral sclerosis cannot be accepted, except on the basis of some coincident disease. 
False reports of recovery following various types of treatment are due in part 
to the inclusion of patients with sensory symptoms. The diagnosis is based on 
fibrillations as an unequivocal sign of degeneration of the anterior horn cells or, 
similarly, of the motor nuclei of the cranial nerves. Reports indicate no beneficial 
results from the use of vitamin E in cases of amyotrophic lateral sclerosis, pro- 
gressive muscular atrophy or peroneal muscular atrophy. In general, the weight 
of the reported cases in the literature is against the value of vitamin E in treat- 
ment of the diseases under consideration. Michaels, Boston. 


Artificial Fever Therapy of Juvenile Neurosyphilis. J. C. Nielsen, J. R. 

Marx and H. A. Dickel, Arch. Dermat. & Syph. 45:688 (April) 1942. 

Five patients of ages from 11 to 20 years were treated by Nielsen and his 
associates in the Kettering hypertherm. Four of them presented a picture of 
dementia paralytica and 1 a tabetic picture without the typical dementia paralytica 
colloidal gold curve of the spinal fluid. Four of the patients were given a com- 
plete course of artificial fever. This consisted of fifty hours of treatment in ten 
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to eighteen sessions at a temperature of 105 to 106 F. One patient received an 
additional course of thirty hours about two and a half years after the first course. 
One patient died during the twelfth treatment. Necropsy showed the cause of 
death to be cerebral edema and subarachnoid hemorrhage. During fever therapy 
the patients received weekly intramuscular injections of bismuth subsalicylate and 
intravenous injections of mapharsen. The mapharsen was administered at the 
height of the fever. After the last fever treatment chemotherapy was continued 
for six weeks. After this, regular courses of arsenical and bismuth preparations 
were given up to the time of the report. The 4 surviving patients have been 
closely followed for one to three and a half years. At the time of writing the 
3 patients with dementia paralytica are at home and all have shown definite 
improvement in both physical and mental activity. The condition of the tabetic 
patient after one year of improvement has remained stationary, except that the 
atrophy of his optic nerves has progressed to the point of blindness. The Wasser- 
mann reaction of 3 patients returned to normal immediately after therapy and 
that of the tabetic patient after two years. The normal reaction of 1 of the 
patients became positive at a later date. j_ 


Results of Lobotomies at the Delaware State Hospital. P. E. Elfeld, 
Delaware State M. J. 14:81, 1942. 

After experience in 19 cases of lobotomy, Elfeld concludes that “successful 
results depend not so much on the type of psychoses as on the type of symptoms 
presented. Those patients who show evidence of agitation, depression, fear, worry, 
assaultiveness and paranoid reactions seem to have a much better prognosis for 
social adjustment.” 

Of the 19 patients, 10 had depressive features. The only truly postoperative 
death occurred in this group. Six patients returned home and adjusted at pre- 
psychotic levels. Euphoria and lack of restraint prevented good adjustment of 
2 of the remaining patients, and the third became maniacal after the operation. 
One woman with chronic mania was operated on only three weeks before this 
report, but seemed much quieter and more cooperative. 

Eight patients were considered to have dementia praecox. The 4 patients with 
paranoid, assaultive trends showed definite improvement, while the other 4, with 
the simple or hebephrenic type, manifested little change in their condition. 

Drayer, Philadelphia. 


Successful Operation on Three Intracranial Cholesteatomas. Viktor 
Graser, Deutsche Ztschr. f, Nervenh. 152:13, 1941. 

Graser reports 3 cases of intracranial cholesteatoma. The first patient, aged 31, 
had right hemiparesis and motor aphasia, which developed suddenly and were 
accompanied by violent headaches. The left lateral ventricle was displaced 
downward in the encephalogram, but the arteriogram was not consistent with the 
diagnosis of glioblastoma. Operation revealed a cholesteatoma which covered the 
corpus callosum. The author explains the sudden onset of symptoms by disintegra- 
tion of the tumor or by disturbance of circulation within the area of distribution 
of the anterior^ cerebral artery. The second patient, aged 33, had suffered from 
attacks of vomiting for two years, dizziness and disturbance of gait for one j'ear 
and ringing in the right ear for one-half year. In addition, there had been 
dysphagia, headaches and disturbance of vision for two months. Ventriculography 
revealed hydrocephalus and compression of the fourth ventricle from behind. A 
cholesteatoma of the fourth ventricle was removed. Two months later, when dis- 
charged, he presented only minor signs of cerebellar disturbance. The third 
patient, a man aged 57, had been slowly deteriorating for many years. Examination 
showed paresis of the right hand, acalculia, agraphia, apraxia and finger agnosia. 
An extradural cholesteatoma, which had grown through the bone and displaced the 
parietal, temporal and occipital lobes, was removed. The postoperative course was 
uneventful, and the patient recovered completebL Adler Boston 
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PHILADELPHIA PSYCHIATRIC SOCIETY AND PHILA- 
DELPHIA PSYCHOANALYTIC SOCIETY 

O. Spurgeon English, II.D., Presiding 
Joint Meeting, April 10 , 1942 

Relations of Psychoanalysis to Psychiatry. Dr. Le Roy M. A. Maeder. 

Freud said : “Ps3'choanalysis stands to ps3'chiatry more or less as histoIog3' 
does to anatomy.” 

Ps3Thoanalysis started within medicine as an attempt to cure hysterical S3'mp- 
toms by psychologic means. Freud developed further the psychologic approach to 
hysteria begun by Charcot, Bernheim and Breuer. In this country therapeutic 
psychoanalysis is considered and practiced as a part of clinical medicine. 

Psychoanalysis is empiric and scientific. Knowledge of psychologic facts and 
processes acquired during treatment is the sound basis of its formulations and 
application in treatment. Psychoanalysis has endeavored to refine and systematize 
the ever3'day methods used in understanding the other person’s mental situation. 
In addition to objective observation, it uses introspective psychologic observation. 
Ernest Jones said that Freud succeeded in fulfilling the delphic injection, “Know 
thyself.” 

Psychoanalysis embodies a dynamic theory of personalit3', based on a knowledge 
of clinical psychologic entities and mechanisms. It includes a study of instincts; 
psychosexual development; ego; superego, or ego-ideal; cultural and environ- 
mental effects ; mental mechanisms and dynamisms ; interhuman relationships, 
including identification, transference and object relationship, and the structure of 
personality. It is an instrumentality of research into the mind in health and 
in disorder. 

Psychoanalysis has helped psychiatry eliminate the artificial separation of 
mental from physical disease, of mental processes from physical processes; it has 
given impetus to psychosomatic medicine and has emphasized that psychologic 
factors, such as thoughts and ideas, can and do influence and disturb the function 
of organs morphologically intact, or bring about changes in them; it has helped 
psychiatry in its progress from a macroscopic, descriptive science to a microscopic, 
explanatory one; it has contributed to a better and deeper understanding of 
criminality, delinquency, behavior problems of children, the psychoses, culture 
and normalcy; it has developed a more penetrating and effective method for the 
understanding and treatment of the neuroses; it has, through its basic findings 
and concepts, penetrated and greatly influenced modern psychiatric thinking and 
practice. 


Reactions o£ People to the War. Dr. Gerald H. J. Pearson. 

Sometime ago the Philadelphia Psychoanalytic Society appointed a committee 
to collect data on the reactions of people to various phases of the war. This 
paper is a preliminary report of this committee. 

Effect of the War on Children . — So far children show little or no reaction to 
the war except curiosity regarding certain environmental changes, such as black- 
outs. 

However, in cases in which the family situation has been altered because one 
or the other parent is absent due to war work, the child shows behavior changes 
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as the result of feelings of insecurity and of guilt. The results of similar feelings 
have been found in the life histories of adults Vi^ho were subjected to similar 
disturbances in the family constellation during their childhood during the first 
World War. 

Effect of the War on Adolescents.— Adolescents who have a problem in their 
relationship to their families tend to regard military service as an escape from 
their problems. 

Reactions of Younger Selectees to Military Service. — The majority of selectees 
feel that it is their duty to serve, although tliey are not enthusiastic about the 
causes of war. They state that their fathers are proud that they have been called 
up but that their motliers are sorrowful. Usually any talk about the war or 
radio programs dealing with the war have been banned in their homes. 

Reactions of Older Selectees. — Some of the older selectees look on military 
service as a way of having a more interesting life. 

Reactions of Patients to Critical Events in the Present War Since Its Start 
in 1939. — (a) The outstanding reaction was the marked indifference to and dis- 
regard of important international crises. 

(&) To the attack on Pearl Harbor a number of patients responded with con- 
scious fears lest they be injured or lose something valuable. In some cases this 
conscious fear was accompanied by an increase in intensity of symptoms ; in 
others, by accentuation of their character pattern. A number of patients began 
to improve after the initial reaction. 

(c) Those patients who showed a reaction to war in general and to specific 
crises tended to respond according to their childhood response to crises; for 
example, persons who had tried to solve their childhood difficulties by an isola- 
tionist policy showed a similar trend. Patients with a democratic ideology had 
attempted to solve their childhood problems, i. e., the Oedipus situation, by growing 
up, but had failed in some manner to accomplish this satisfactorily. Similarly, 
although they had democratic inclinations, they were unable really to put them 
into practice. Patients with a pro-Axis ideology had not been able to solve the 
Oedipus difficulties even as well as those with a democratic ideology. 

(d) Female patients often reacted to the black-out with conscious or semi- 
conscious fantasies of rape. 

DISCUSSION 

Dr. Robert A. Matthews : For some time I have been interested in the 
emotional reaction of inductees and have asked each man examined how he felt 
about entering the Army. There have been some interesting responses. During 
the early days of the draft, when the country was not at war, a great many of 
the men expressed considerable enthusiasm about the service, and approximately 
90 per cent answered the question by stating : “I think a year in the Army will 
do me good.” This attitude appeared to be based on a desire to escape from the 
monotony of everyday life and, at the same time, indicated that only a relatively 
small number of the men were aware that their military service was probably not 
going to be limited to a twelve month period. When the length of service was 
increased^ to eighteen months, there was an alteration in the attitude to this extent ; 
Man}"^ said, “It is probably a good thing for me to be in the Army, but I don’t 
like the idea of being away from home for such a long time.” Then, after Pearl 
Harbor there was a distinct change to a grimmer, less enthusiastic attitude, summed 
up in the phrase, “Well, I want to do my dut 3 %” Of course, there was considerable 
difference in the attitude of men coming from various social groups. 

I have^ been impressed by the number of inductees who exhibited evidence of 
anxiety with some degree of autonomic imbalance. Indeed, if all such men were 
turned down, the percentage of rejections would mount materially. 

Dr. O. Spurgeon English ; I believe that the inductees have a definite feeling 
of cooperation; that there is not nearly so much dissatisfaction as one might 
expect after reading all the complaints about apathy and complacencjL Many of 
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the men look forward to the Army as a change or relief from the monotony of 
their present jobs. A great many say, “If I have to go, I have to go.” Some say, 
“Some one has to fight this war — it might as well be me.” On the whole, I found 
few who did not actually want to go. As one got into the more intelligent 
groups, it was found that they were going from willingness to do their duty. It 
is my opinion that there is a general willingness to go to war and fight, even 
though the men are not under the pressure of propaganda which is being spread 
among the men in the fascist countries. 

Ideation and Trends Encountered in Psychotherapy of Manic-Depressive 
Psychosis. Dr. O. Spurgeon English. 

This paper deals with observations on patients who had suffered from one or 
more attacks of manic-depressive psychosis and who were receiving psychotherapy 
in the free interval. Four patients had the depressive and 2 the manic type. In 
some instances the psychotherapy was orthodox freudian psychoanalysis, and in 
others it was a psychotherapeutic interview about once a week over a prolonged 
period. The aim of the study was through verbatim clinical material to bridge 
the gulf between some of the theoretic considerations of manic-depressive psychosis 
and the actual management and treatment of patients with this condition so that 
a more effectual adjustment to life could be made and further attacks prevented. 
The patient’s ideas and emotions are presented under the headings : (1) self 
esteem; (2) love, including the need for love, as well as the capacity to give and 
receive love; (3) hate, with the patient’s trend in both constructive and destructive 
aggression ; (4) attitude toward body and mind ; (5) anxiety and strength to bear 
it; (6) ambivalence; (7) tendency toward projection; (8) rigidity in thinking, 
and (9) identification, as well as something of how the patient handled a trans- 
ference relation. 

An important trend found in the personality makeup of patients who fell ill 
with this psychosis was a great need to be tliought perfect in all spheres, such 
as physical attractiveness, intellectual capacity, wisdom and talent. One patient 
said, “If I am less than perfect, no one will want to have anything to do with me.” 
Another said, “If I am not doing perfectly I am not doing well at all.” These 
patients tended to use their own ideas of perfection and found it hard to take 
any behavior values from others. Their conscience and ego ideal were rigid, 
and they needed help in using a set of more tolerant values with their own. 

Those manic-depressive patients who came into a treatment situation seemed 
to have great difficulty in expressing hostility. They could do this effectively 
when manic, or indirectly when depressed. Even in their normal interval they 
might express aggression within the family but had difficulty in being even 
normally aggressive with those outside the home or with the therapeutist. One 
said, “It takes more courage to hate some one else than to hate myself.” Another 
said, “I would rather regard myself as weak and inadequate than blame another.” 
This withholding of aggression, of course, impairs judgment and effectiveness in 
the everyday life of the manic-depressive person during his “well interval,” and 
because of this weakness certain life situations get the best of him, until they 
can be solved only by a manic or depressive attack. 

These manic-depressive personalities had great difficulty in dealing with love. 
Their apparent extrovertive friendliness hid great sensitivity. One said, “I can’t 
tell you of the exuberance of having some one care about you or the despair of 
finding out that they do not.” Another said, “When I am depressed I hurt so 
much alt over that any one’s friendship or love doesn’t matter to me.” As already 
stated, overtures of love cannot be accepted and utilized as readily by the manic- 
depressive personality as by the normal person, or even by the person with an 
average transference neurosis. This particular difficulty is one which only a 
favorable psychotherapeutic relationship can reach and help. 

These manic-depressive persons had a great feeling of disgust for their own 
bodies, for the bodies of others and for body excretions. In this sphere, as well 
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as in the matter of self esteem, it seems much more difficult to get the manic- 
depressive patient to modify his opinions of himself than the patient with the 
ordinary transference neurosis. Like the patient with an obsessional neurosis, he 
is afraid of showing emotion. One patient said, “When I start feeling love I 
feel defenseless. I feel myself vulnerable to attack from people.” Between attacks 
the manic-depressive person is not happy, even though he may often appear so. 

Although it is too early to show the sustained results of psychotherapy, it is 
my opinion that prolonged and intensive treatment over a period of two years, 
more or less, would improve the functioning of the manic-depressive personality 
in such a way as to make the patient happier, more efficient, a better marital 
partner and less of a potential carrier of manic-depressive illness to offspring. 

niscussioN 

Dk. Theodore L. Dehne; For the most part I see patients with real psychoses 
and rarely have the opportunity to follow manic-depressive patients during the 
intervals of normal behavior; for that particular reason, Dr. English’s presentation 
was most interesting and educational. Dr. English has definite advantages over 
a physician who sees only patients with acute illnesses. He sees the manic- 
depressive patient when he is well or convalescing, or perhaps the illness is just 
developing, and he can approach the problem slowly and painstakingly, with a 
great deal of study and care. In hospital practice one must approach the problem 
more directly and quickly, to get the patient over the period of hospitalization 
as rapidly as possible. Dr. English sees his patients when they are more or less 
accessible, but the manic-depressive patient who is ill enough to come to the 
hospital is, in my experience, almost completely inaccessible. I have no delusional 
ideas about the value of psychotherapy to a patient who is in the depth of a 
depression or at the height of a mania. However, hospitalization has much to 
offer to the patient in the way of good nursing care and removal from the 
environment that made him ill and from his family, the members of which are 
probably oversolicitous about him, fearful about him and often much annoyed by 
him. In hospital practice, one has a great advantage over the consulting psy- 
chiatrist in that one sees more patients in a given period than the latter is likely 
to see and sees the patient at the height of. his illness. The more I study the 
manic-depressive personality, the more the conclusion is impressed on me that 
generalizations are dangerous. Any fixed notion about the structural concept of 
the disorder is likely to need a great deal of modification once one attempts to 
fit the patient’s behavior and reactions into a strict structural concept. The picture 
is always a great deal more complicated than such a concept may permit one to 
believe. 

The prepsychotic personalities of manic-depressive patients are as variable as 
those of any group one can imagine and cannot be classified under one head by 
any means whatever. Nor is the patient’s hostility or his lack of it, or his 
aggressiveness or his lack of that, or the presence or absence of any other driving 
force an ever present factor. 

In short, it is my opinion that variations in personality and behavior of manic- 
depressive patients are so wide that one can generalize about the illness only 
in a certain limited way. 

Dr. Joseph C. Yaskin: As for the reactions of manic-depressive personalities 
between attacks, I am afraid I belong to that more rigid school which holds to 
the concept that the patient shows no lack of emotion between attacks. I wonder 
whether Dr. English did not have in mind the quality of emotion, rather than the 
quantity; whether he did not mean that, on the whole, the manic-depressive 
personality does not lack the necessary quantity of emotion, but that qualitatively 
it leaves something to be desired. Dr. English accurately described the helpless- 
ness and inability to accept help from others, as distinct from the depression 
occurring in the course of a psj'choneurosis. 

I should like to hear from Dr. English a little more about his success in 
preventing manic-depressive psychosis by treatment. I have gone so far as to 
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make no promises whatever any more. I have seen many persons lead a fairly 
happy existence, and with little or no provocation break out into an attack of 
depression or mania. Until the introduction of shock therapy I was not able to 
make a satisfactory prognosis — the attacks may last three and a half months to 
two years. How does Dr. English explain his psychoanalytic concepts in the 
light of the usefulness of shock therapy, which is so successful in the practical 
management of these patients? 

Dr. O. Spurgeon English ; I do not believe that Dr. Yaskin and I would 
disagree about the quantity of emotion between attacks, except that the manic- 
depressive person has difficulty in dealing with his emotions and the way in 
which they are bound together. He cannot say “no” when he should, and he 
cannot take a positive aggressive step when he should because of fear of being 
rebuffed. 

As for results, I, naturally, cannot say how long these patients will stay well. 
I shall have to wait five, ten or twenty years to learn what the results will be. 
In the meantime I believe that the work done with these people has made them 
more effectual and has kept them living on a higher level, and working more 
satisfactorily. 

What effect electric shock has on the manic-depressive psychosis I cannot say, 
although I should like to speculate about it. With electric shock there is undoubt- 
edly loss of memory, and many of the patients would be glad to have some of 
their painful memories erased. I think electric shock does something to put 
farther from consciousness, to set aside in some way, the unpleasant complexes 
which keep the depression going on. Undoubtedly the pattern of ideas and their 
emotional charges are changed, but how I do not know, and I should not attempt 
to correlate it with what I have said. 

Incest and Its Effect on the Participants. Dr. Paul Sloane. 

Since incest in the postadolescent period is not a common phenomenon among 
civilized people, it was interesting to come across 5 cases in one community 
within the space of five years. The cases reported were taken from the records 
of the Family Welfare Organization pf Allentown, Pa. The reaction of the girl to 
the incest situation in each case was studied. The following conclusions seem 
to be justified as the result of the study. Indulgence in incest in the postadolescent 
period leads to serious repercussions in the girl, even in an environment in which 
the moral standards are relaxed. The offender, even though she may have been 
promiscuous with other men, reacts to incest as if it were socially condemnable 
and develops a good deal of guilt feeling toward her mother. This is probably 
related to the death wishes against the latter which are inherent in the incestuous 
relationship. The attempt to break away from incest leads to forcible types of 
reaction, the individual nature of which depends on the predisposition of the 
subject’s personality and the relative strength of her ego and superego. In addi- 
tion to the individual variations, however, one common manifestation appears to 
be a tendency to act out conflicts by indulging in promiscuous relationships 
instead of manifesting neurotic symptoms. This promiscuity increases the girl’s 
feeling of guilt, so that she finally must give up even substitute forms of gratifica- 
tion or be prepared to endure ostracism from the fold. Only 1 of the 5 girls 
could be said to have worked out a satisfactory adjustment; the others showed 
various degrees of distortion of the personality. This is in contrast to the results 
found by Rasmussen and Bender and Balu in preadolescent children and can be 
explained by the increased strength of the superego in the postpubertal years. The 
destructive effects of incest seem to warrant the severity of the taboos which 
society has erected against it. (The full paper will appear in a forthcoming issue 
of the American Journal of Orthopsychiatry.) 

‘ DISCUSSION 

Dr. Philip Q. Roche: Dr. Sloane gives an instructive insight into the ego 
distortion that comes in his cases of incest. His presentation is devoted largely 
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to the effect of incest on the female. What effects are noted in male participants? 
It is my impression that there is a great deal more incest than would be currently 
indicated by the number of persons in prisons for such offense. Such offenders 
are almost invariably middle-aged or presenile first offenders who are more often 
protected by family silence than disposed of by the committing court. Investiga- 
tion sometimes reveals that their prosecution is inspired less often by outraged 
morality than by motives of reprisal on the part of other members of the family 
group or out of interfamily conflicts. In such older offenders, one observes that 
their behavior is marked by awlcwardness, lack of foresight, failure to efface 
traces and, peculiarly, by indifference after the offense. Incest is not uncommonly 
a harbinger of a psychotic reaction, which usually develops after imprisonment. 

Dr. Milton K. Meyers : It seems to me that attempts at incest are not rare. 
About a year ago statistics were compiled from questionnaires sent to women of 
all classes of society, and a surprising number said they had been attacked by 
members of their own families. I Avas astonished to learn that the practice was 
so common. 

Dr. O. Spurgeon English : I fear that incestuous relations are of more 
common occurrence than is realized. I understand from social workers to whom 
I have talked that the father is not often sent to jail. It is difficult, apparently, 
for the community to take the word of the girl involved and to put the father 
in jail. One girl I know of has had much difficulty reestablishing good will with 
her family after she exposed her father. Another feels obliged to tell any man 
who becomes interested in her about her experiences, after which he has always 
become too “fresh” with her or has left her entirely. The social adjustment of 
the girl after being involved in incestuous relations is extremely difficult. 


CHICAGO NEUROLOGICAL SOCIETY 

Roy R. Grinker, M.D., President, in the Chair 
Regular Meeting, April 16, 1942 

Experimental and Clinical Studies with Methylguanidine Sulfate. Dr. 

John J. Madden and Dr. Leo A. Kaplan. 

This investigation included animal experimentation, studies on the chemical 
constituents of the blood and clinical observations on the use of methylguanidine 
sulfate with 52 mentally ill patients. As outlined in previous studies, methyl- 
guanidine sulfate is a nitrogenous metabolite related to creatinine which is 
regularly found in the blood stream and is excreted in quantities in the urine. In 
experimental animals it was determined that a shocklike physiologic change could 
be produced harmlessly by injecting certain concentrations of this chemical intra- 
venously. It was further found that the untoward symptoms (convulsions, pros- 
tration, etc.) produced by injection of high concentrations could be promptly con- 
trolled by administration of calcium salts. A dose of 75 mg. per kilogram of 
body weight approached the upper limits of physiologic safety in dogs. With 
higher concentrations there occurred excessive restlessness, apprehension, respira- 
tory irregularities, pronounced elevation of blood pressure and convulsive muscular 
movements. Adequate shocklike physiologic responses of less dramatic character 
took place when much lower concentrations were employed, and lower concentra- 
tions were therefore used in tlie clinical study. 

The phenomena observed after injection into experimental animals may be 
summarized as follows: When methylguanidine sulfate was injected intravenously 
in doses of from 25 to 75 mg. per kilogram of body weight, an appreciable rise 
in blood pressure was observed. The elevation values were in direct relation to 
the concentration of the drug. The return to basal blood pressure Avas hastened 



146 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


by injection of calcium gluconate, 10 to 20 cc. of a 5 per cent solution being used. 
Determinations showed a slowly progressing decrease of blood sugar, which 
approached the lowest level in the fourth hour and returned to appro.ximately 
normal in the fifth hour. 

In order to determine what pathologic changes might occur after administra- 
tion of large doses over a comparatively long period, and also to study the acute 
pathologic changes when a massive lethal dose was given, several dogs were so 
treated. The pathologic changes were not significant. 

In the clinical study, complete and detailed preliminary laboratory e.xaminations 
and follow-up studies were made, consisting of an electrocardiogram, determination 
of the basal metabolic rate, and estimations of the nonprotein nitrogen, creatinine, 
calcium, phosphorus and sugar contents of the blood. An icteric index reading 
was made for 20 of the 52 patients, the available facilities precluding this study 
in every case; in this sampling of the group, no noteworthy deviations from 
normal were observed during or after the course of treatment. 

The doses used with human subjects varied from 15 to 25 mg. per kilogram of 
body weight, 4 to 7 cc. of a 25 per cent solution of methylguanidine sulfate being 
injected intravenously. Injections were given five days a week for a series of 
approximately twenty treatments. 

Of this group of 52 patients, 26, or 50 per cent, responded favorabl 3 \ They 
were able to leave the hospital and return to their former environment and 
occupation free from overt symptoms. They may be considered as fully recovered 
at the date of this report. The mental illness of 43 patients was described as 
schizophrenia, or dementia praecox; of this group, 23, or 53 per cent, were con- 
sidered improved. Four patients were classified as having cj'clothj'mic depressions, 
3 of whom were favorably influenced by treatment. Five patients whose symptoms 
were frankly psychoneurotic failed to show any noteworthy improvement. 

Approximately 25 other patients were treated during this investigation, but 
because of factors beyond control, treatment was inadequate; the results in this 
group are not evaluated. No patient was under treatment more than four weeks, 
and not more than twenty injections were given in any case. 

We believe that this therapeutic method is of definite value in the treatment 
of functional mental diseases, for the following reasons : 

1. None of the disagreeable and dangerous features of the shock therapies is 
associated with this treatment; hence the therapy may be said to be a pharma- 
cologic one, as opposed to the convulsive treatments or insulin shock. 

2. The treatment is more agreeable to the patient; it is without danger, and 
cooperation from patient and relatives is more easily obtained. 

3. The incidence of recovery is comparable to that obtained with shock 
therapies. 

4. The duration of treatment was noticeably shorter than that of the average 
insulin treatment and was no longer than the period required by the more danger- 
ous convulsive therapies. 

5. The simplicity of administration and the cost are commendable features; 
the cost of the chemical for the therapeutic course is approximately §3. 

6. This therapy is particularly suitable for office and home use, with no need 
for professional assistance. 

DISCUSSION 

Dr. Fr.vncis J. Gerty: The treatment introduced by Dr. Madden and Dr. 
Kaplan has not been used as widely as some of the more dramatic shock methods. 
Methods tliat are physically threatening to the patient seem to be in favor. Since 
experience has demonstrated that some pretty drastic things can be done with 
relative impunity, there seems to be an inclination to skirt the edge of danger. 
Persistence in the use of the less dramatic methods might give better results. 
Certainly, in some cases good results have been secured. 

However, the matter which interests me chiefly is this : From the effects pro- 
duced by intravenous injection of guanidine, may one not be justified in making: 
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some guess as to the relation of oxygen consumption by the brain to the securing 
of therapeutic results? The easilj'^ observed effects of such an injection are 
flushing and increase in the pulse rate, blood pressure and respiratory rate. 
H3'poglycemia also is regularlj'^ produced. It is reasonable to suppose that 
immediately after the beginning of each treatment there is increased oxygen con- 
sumption and that for a succeeding period of several hours the utilization of 
oxj’^gen is decreased. During the initial period the blood flow to the brain must 
be increased, in view of the effects of increased heart rate and blood pressure 
during a time in which there is dilatation of the arteries and increase in the 
respiratory rate, with presumable increase in the amount of tidal air. This would 
seem to indicate increased oxygen consumption by the brain. Experimental intra- 
venous injections of sucrose and dextrose have been shown to increase the utiliza- 
tion of oxygen. Inasmuch as there is a decrease in blood sugar four or five 
hours after treatment with guanidine one might expect that there would be a 
compensatory decrease in utilization of ox3'gen by the brain during this period. 
It seems to me that more investigation on the oxygen-carbon dioxide relationship 
in the brain to all types of shock treatment is indicated and that such studies can 
best be undertaken with those types of shock therapy in which the assault on the 
organism is not so violent and extreme that adventitious side effects are produced. 

Dr. L. J. Meduna : There are two factors in this treatment which are remark- 
able, as Dr. Gerty has emphasized : the increase of blood pressure due to the 
injection and, at the same time, the decrease of blood sugar. The decrease of 
blood sugar indicates that the increase of blood pressure is not due to overproduc- 
tion of epinephrine. If this were the case, one should see an increase of blood 
sugar at the time the blood pressure rises. 

Ten or fifteen years ago methylenediguanidine, under the name of synthaline 
(decamethylenediguanidine) , was recommended in the treatment of diabetes. I do 
not recall just why its use was discontinued. At any rate, there is at hand a 
drug which affects the carbohydrate metabolism of the body and brain. I believe 
that in treatments with continuous narcosis, in various convulsive treatments and 
in insulin shock the common denominator is the alteration of the carbohydrate 
metabolism of the brain. It seems that this action is present in the pharmacologic 
effect of the guanidine also. 

Use of methyl guanidine is a nonshock treatment. It would seem that the drug 
should be recommended first in treatment of any functional disease, and if, after 
a trial of four weeks, it does not bring about improvement, not much time has 
been lost for the inauguration of other, more drastic treatments. 

Dr. Leo A. Kaplan : I should like to add to Dr. Meduna’s discussion. 
Methylenediguanidine was used in Europe under the name of anticoman (a prep- 
aration containing pancreatic enzymes, sodium phosphate, tannic acid, bismuth 
subnitrate and decamethylenediguanidine tartrate) and in the United States as 
synthaline (decamethylenediguanidine) for the treatment of diabetes. Because it 
was necessary to use the drug over a long period, several cases of toxic hepatitis 
resulted, and its use was therefore discontinued. It was also found that calcium 
salts acted as a physiologic antagonist. In none of the cases was the damage to 
the liver permanent, and it was relieved by discontinuance of the guanidine and 
by administration of a calcium salt. In our work the dosage is less, and the 
period during which the drug is given is short. 

With regard to Dr. Gerty’s discussion, I should like to say that we did watch 
the retinal vessels during the injection of meth3dguanidine and found that they 
alternately dilated and contracted. 

Neuropsychiatric Aspects o£ Aviation Medicine. Dr. M. N. Walsh, 
Rochester, Minn. 

The outstanding s3'mptoms of altitude sickness belong in the domain of neuro- 
ps3'chiatry. A stud3" of the behavior of human beings in low pressure chambers 
and^ in high-flying airplanes has demonstrated the fact that a decided individual 
variation exists with regard to the abilit3’’ to withstand high altitudes. In general. 
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however, at an altitude of 6,000 to 9,000 feet (2,000 to 3,000 meters) various com- 
pensatory mechanisms involving the circulation and respiration are found. This 
altitude is known as the zone of reaction. Mental symptoms usually do not 
occur, although tense or ps 3 'choneurotic persons may have sudden syncope, which 
is not thought to have any relation to anoxemia. The next zone, at an altitude of 
from 12,000 to 15,000 feet (4,000 to 5,000 meters), is known as the zone of failing 
compensation. Mental symptoms occur at this altitude, the rapidity of their pro- 
duction depending on the man’s susceptibility to altitude sickness, the degree of 
activity being carried out, the temperature and other factors. It is known that 
fatigue, alcohol, tobacco and the nervous tension of the flier may greatly influence 
his power of resistance to the deleterious effects of anoxemia. In this zone there 
occur a decrease in the acuteness of hearing and vision; blunting of judgment; 
impairment of critical perception; indolence of thought; forgetfulness and absent- 
mindedness; unmotivated changes in mood, such as euphoria or depression, and 
diminution or loss of the will to perform duties, even though tests maj^ demonstrate 
that the ability to perform the duty is essentially unimpaired. It is important to 
note that the man himself is often unaware of the decrease in his own efficienci' 
and will continue to feel that he is performing his duty satisfactorily. The great 
danger of any or all of the symptoms to an airplane pilot is evident. 

The next zone is spoken of as the critical zone and lies between altitudes of 
18,000 to 24,000 feet (6,000 to, 8,000 meters). In this zone the sj’mptoms previously 
noted in the zone of failing compensation are exacerbated. The patellar refle.x 
increases in amplitude; muscular twitchings occur, followed by local and then 
general convulsive phenomena; amnesia and, finally, coma occur. The last zone 
is the lethal zone and is a function of the time when the critical zone is attained. 
All of the aforementioned reactions are reversible by administration of oxygen, if 
given in time, and before permanent and irreversible changes in the nerve cells 
occur. 

The time reserve is defined as the period which elapses between tlie stoppage 
of an additional supply of oxygen, under conditions of extremely low atmospheric 
tension, for example, at an altitude up to 40,000 feet (12,000 meters), and the 
onset of threshold symptoms of failing compensation. This period is a matter of 
about thirty to sixty seconds at a height of 40,000 feet and of about fifteen seconds 
if activity is being carried out. Thus, in modern high altitude flying an unin- 
terrupted supply of oxj'gen is a sine qua non in all operations carried out at 
altitudes above 12,000 feet (4,000 meters), as the pilot who cannot maintain his 
efficiency at a high level is useless from a military standpoint. 

A grave danger to the flyer who operates at high altitudes is the development 
of gas bubbles in his tissues, called by Armstrong “aeroembolism,” or “the bends.” 
This is due largely to the liberation of nitrogen by fatty or fibrous tissue. At an 
altitude of from 58,000 to 65,000 feet (17,500 to 19,800 meters) the blood “boils” 
and gas emboli occur. At lower altitudes gas escapes from the tissues and may 
be dangerous. It is not uncommon in high altitude or low pressure chamber 
work for acute pains to develop in or near joints, which on roentgenographic 
examination are found to be due to the accumulation of gas bubbles in tlie tissues. 
Armstrong demonstrated the production of gas bubbles in the spinal fluid of 
animals, and I have been able to show in human beings that at a simulated altitude 
of 12,000 feet in the low pressure chamber fine, champagne-like gas bubbles escape 
from the spinal fluid, and this continues for several minutes, up to a simulated 
altitude of 28,000 feet (8,500 meters). Roentgenograms of human and monkey 
heads at altitudes of 30,000 and 40,000 feet (10,000 and 12,000 meters) showed 
no free air in the ventricles of the brain. The breathing of pure oxygen with 
exercise before ascent will lessen the possibility of aeroembolism. There are on 
record cases of hemiparesis or hemiplegia, paraplegia and other grave accidents 
to the vascular supply of the brain under conditions of low atmospheric tensions, 
presumably due to gas emboli. 

The effect of acceleration or rapid change of direction is much spoken of as 
“black-out.” The centrifugal force produced in a cephalocaudal direction by steep 
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and tight turns and in pulling out of dives may produce cerebral anemia, or even 
the possibility of structural damage to the brain. 

The unusual environment plus the great strain to which the flyer is exposed 
may produce a chronic fatigue state more rapidly than most other occupations. 
If the condition is continued, a neurosis may occur. Armstrong has described a 
special tj^pe of neurosis, the so-called aeroneurosis, as it affects experienced flyers. 
He defined it as a chronic functional disturbance characterized by gastric distress, 
nervous irritability, fatigue of the higher voluntary mental centers, insomnia and 
increased motor activity. It is important that a fatigue state be detected in its 
incipiency, since if it is allowed to progress to full development, a long period 
of rest must be taken, which means loss of the services of a highly trained flier 
for long periods, or even permanent incapacitation for flying. The rehabilitation 
of exhausted flying personnel is an activity of great importance, which must be 
carefully carried out for the best results. The flight surgeon lives with the fliers 
for the purpose of detecting fatigue states early and giving them prompt treat- 
ment. This may not be possible always under war conditions. 

DISCUSSION 

Dr. Peter Bassoe : I do not know anything about aviation medicine, but I 
have had experience in the past with the effects of compressed air on caisson 
workers, and I ask myself whether there is not a diflference between the phe- 
nomena as manifested by aviators and by divers. The man in the airplane starts 
witli a balance of oxygen and nitrogen in his blood and then is subjected to 
lowering of the air pressure, which causes the nitrogen, being less absorbable, to 
escape into the tissues ; the oxygen is more easily dissolved in the blood. As I 
see it, the difference lies in the fact that the caisson worker starts at a normal 
level, then is subjected to an abnormally high air pressure and gets a great deal 
of gas in solution in his blood; when he comes out too quickly, the nitrogen 
bubbles appear, and such phenomena as “bends” and “blind staggers” occur. 
Bubbles may accumulate so as actually to stop circulation at the auriculoven- 
tricular orifice. This I do not imagine could happen in aviators, for they never 
have such an overcharge of gas in the blood. I imagine that the anoxemia factor 
is greater in aviation while in caisson work the nitrogen factor is more important. 

Dr. L. J. Pollock; Will Dr. Walsh say something of the changes in water 
vapor in the body at high altitudes? Is that not one of the causes of bubble 
formation, in addition to release of nitrogen? 

Dr. Maurice N. Walsh : Dr. Bassoe is correct in what he says about the 
difference between the disturbances in caisson workers and those in high altitude 
pilots. It is true that the pilot starts with normal conditions in his blood and does 
not have blood gases under pressure, as does the diver. However, I should say 
that the rapidity with which bubbles develop in the blood or tissues depends on 
the altitude attained and the rapidity of the climb. Human beings have rarely 
been exposed to extremely high altitudes; experimental animals, such as goats, 
have been brought up to 75,000 feet (30,000 meters). Bubbles are present in the 
cerebral circulation at tliat altitude. The problem of anoxemia is more important, 
however, for the air force. Some persons seem to be more susceptible to the 
effects of high altitude flying. 

In reply to Dr. Pollock, the water vapor decreases with other components of 
atmosphere as one goes higher. So far as I know, the physiologic effect of this 
decrease has not been studied. Some of the effects which were thought to be 
due to anoxemia have been demonstrated to result from decrease in carbon dioxide. 
I believe there is much work to be done, and I regret that neuropsychiatrists 
have done little. A great deal of investigation has been carried out by physi- 
ologists and psychologists with little clinical experience. They have at times a 
rather biased attitude in trying to apply their observations, with disregard for 
the fact that human beings do not alwa 3 '^s conform to rules. I hope neuro- 
psj^chiatrists in this countrj'- will take advantage of the opportunity which is 
offered. 
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Sex Guidance in Family Life Education. By Frances Bruce Strain. Price, 
§2.25. Pp. 340. New York: The Macmillan Company, 1942. 

This volume is evidence of a healthy trend in present day education. In the 
preface the author states that the book was written at the request of teachers 
the country over for a guide to sex education in the schools. Accordingly, it is 
written so as to offer a long range program, embracing all the grades from 
the primary to junior and senior high school, with the material arranged and 
adapted to the expanding sex interest of cliildren from the early years to 
adolescence. 

Throughout the book the author emphasizes both the biologic and the psycho- 
biologic aspects of sexual development and is as much concerned with the 
dynamics of social and emotional growth as with reproduction. Many practical 
suggestions are outlined in chapters devoted to methods of gaining community 
support, matters of organization, family relation^, and technics in sex teaching. 
Special chapters are devoted to the organization of sex guidance counseling centers 
and the personal and academic qualifications of the counselor. 

The book is full of good observations and sensible suggestions. Mrs.' Strain 
says that just as sociologists are able to plot delinquent areas in a city through 
the presence of delinquency-producing factors, so the sex education worker can 
plot areas of pornography, for they are found where tlie public attitude, talk 
and behavior present the sex life as degraded and degrading. Her experience 
leads her to state that “constructive sex teaching leads invariably toward the 
lessening of objectionable activities in school or community.” 

As would be expected, much of the volume is devoted to child guidance and 
mental hygiene. In the field of sex education the happy cooperation of the 
teacher, the biologist, the child psychologist, and the psychiatrist is necessarj'. 
Mrs. Strain has indicated a good road in this direction. This book is highly 
recommended and should be read by all teachers. It is also well worth the 
attention and interest of the psychiatrist. 

Visual Mechanisms. Edited by H. Kliiver. Volume VII of Biological Sym- 
posia, Jaques Cattell, editor. Price §3.25. Pp. 322. Lancaster, Pa.: Jaques 
Cattell Press, 1942. 

This collection of papers is an extension of those presented at one of several 
symposiums on “New Frontiers in Education and Research,” held in celebration 
of the fiftieth anniversary of the University of Chicago, in 1941. In it problems 
of vision are considered from the physical, biochemical, physiologic, anatomic 
and psychologic points of view. Each author presents and integrates the material 
from a series of contributions, the individual study of which would be quite 
impossible for any one but a specialist in the field. The appearance of such a 
collection at the present time is particularly opportune in that it provides a base 
from which investigation can be resumed should its progress falter in these 
troubled times. For the general reader who desires to acquaint himself with the 
most recent developments in these varied aspects of vision, as well as for the 
neurologist who is employing electrophysiologic methods in diagnosis, the indi- 
vidual contributors. Dr. Kliiver as editor and the Jaques Cattell Press as pub- 
lishers have performed a signal service. 
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RELA'I'ED CONDITIONS 

A CpiKICAL ANALYSIS 
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NEW YORK 

ThcNUse of vitamin E in the treatment of am3mtrophic lateral scle- 
rosis has resulted in a contrpvers)'’ among neurologists. One group of 
investigators ^ feels that vitamin E cures or arrests the progress of 
the disease, whereas others-^ are equally certain that this substance is 
ineffectual. 

In looking for an explanation of this wide difference in opinion the 
following questions arise: (a) What are the essential features of amyo- 
trophic lateral sclerosis? (b) Are all investigators of this problem 
using the same criteria for its diagnosis? (c) What is the natural 
course of the disease when untreated — do all cases progress to death, 

* Commonwealth Fund Fellow, 1941. 

From the Department of Neurology, Columbia University College of Physi- 
cians and Surgeons, and the Neurological Institute of New York. 
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or is it possible that some patients get well or the disease fails to 
progress after the initial involvement? 

In an attempt to answer these and other questions, the following 
clinical analysis was undertaken. In order to overlook no cases of recov- 
ery, as well as to compare amyotrophic lateral sclerosis with other 
clinically related conditions, cases of progressive muscular atrophy, 
bulbar palsy and lateral sclerosis were also included in the study. 

The following report is based on a study of the records of 151 cases 
in which the condition was classified as am 3 mtrophic lateral sclerosis, 
23 cases in which it was classified as progressive muscular atrophy (all 
types), 4 cases in which it was classified as progressive bulbar palsy 
and 19 cases in which it was classified as primary lateral sclerosis. 
These represent all satisfactory records of these conditions which were 
observed in the Neurological Institute of New York during the past 
ten years. A slight reclassification of the cases was made in certain 
categories as the study progressed, and is embodied in the discussion 
and the table. 

In order to emphasize both their similarities and their differences, 
each group of cases was first analyzed separatel}'; then, without regard 
for their hospital diagnoses, all were tabulated together and reclassified 
on the basis of their chief clinical manifestations, namely, evidence of 
lateral sclerosis, amyotrophy and muscular fibrillations. The presenta- 
tion of the following materials is based on this final classification. 

AMYOTROPHIC LATERAL SCLEROSIS 
I. CLASSIFICATION 

The cases of this disease have been classified under three clinical 
types : the complete, or Charcot ; the atypical, and the incomplete. They 
will be discussed in that order. 

A. Complete, or Charcot, Type . — There were 96 readily identified 
examples of amyotrophic lateral sclerosis which were designated here 
as being of the complete type. The patients presented well developed 
evidences of lateral sclerosis, amyotrophy and muscular fibrillations at 
the time they entered the hospital. There was wasting of the muscles 
of both upper extremities, most pronounced in the hands, but occurring 
to a variable extent also in the forearms, the arms and the shoulder 
girdles. Mild amyotrophy was, frequently present also in the lower 
extremities, and in some instances this was marked. It was not so 
obvious, however, that the distal parts of the lower extremities suffered 
more than the proximal. The neck musculature frequently became 
involved soon after that of the shoulder girdle, but the muscles of the 
back, chest and abdomen usually suffered later. Fascicular muscular 
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twitchings ^ appeared early, before amyotrophy was evident, and were 
usually to be seen, off and on, until atrophy had become marked. They 
were easily identified in the musculature of the shoulder girdles, arms 
and thighs and could usually be demonstrated in other atrophying 
muscles as well. Developing bulbar amyotrophy was present in 45 of 
the 96 cases of the complete type. In 34 instances it followed, and 
in 11 instances it preceded, the development of amyotrophy elsewhere. 
Pyramidal tract disease was present in all of the 96 cases of the complete 
type, although its intensity varied greatly. Many patients exhibited a 
spastic gait, whereas hyporeflexia, due to advanced amyotrophy, was 
observed in others. These features will be discussed in greater detail later. 
No distinction between cases was made on the basis of whether the lesions 
in the pyramidal tract preceded or followed the amyotrophy, except as 
will be apparent later in connection with lateral sclerosis with fascicular 
twitchings. 

The examples of complete amyotrophic lateral sclerosis just described 
conformed roughly with Charcot’s original description of the disease.^ 
Many of them would not be considered typical by Charcot, since his 
description was somewhat rigid. In recent years, however, there has 
been a tendency to broaden these limits. This is reflected in recent 
textbooks of neurology.® It should also be noted that relatively few 
cases of far advanced disease were studied ; such cases are to be found 
more frequently in hospitals for chronic disease. 

B. Atypical Type . — Cases of the atypical type presented the essen- 
tial features of the disease, namely, lateral sclerosis, amyotrophy and 
muscular fibrillations. However, the distribution of the amyotrophy 
in all cases, and of the lateral sclerosis in 1 case, was distinctly unusual 
when the patient entered the hospital. In 5 instances the amyotrophy 
and fascicular twitchings were present, in one extremity (monoplegic 
type) — in 2 cases in an upper, and in 3 others in a lower, extremity. 
In 2 of these cases there was beginning, or questionable, slight weak- 
ness in one other extremity, but in the other cases no additional amy- 
otrophy, including the bulbar form, could be demonstrated. In these 

3. This term is used interchangeably with muscular fibrillations and muscular 
fasciculations. It is felt that fascicular muscular twitchings, or simply fascicular 
Uvitchings, is a more specific term than either of the others. It is intended that 
it convey the same meaning as Denny-Brown and Pennybacker (Brain 61:311-334. 
1938) have given to the term “muscular fasciculations.” 

4. Charcot, J. M. : Lectures on the Diseases of the Nervous System: Second 
Series, London, New Sydenham Society, 1881. 

5. (c) Wilson, S. A. K. : Neurology, Baltimore, Williams & Wilkins Com- 

pany, 1940, vols. 1-2. (b) Brain, W. R. : Diseases of the Nervous System, ed. 2, 
London, Oxford University Press, 1940. (c) Grinker, R. R.: Neurology, ed. 2, 
Springfield, III., Charles C. Thomas, Publisher, 1934. {d) Bing, R. : Textbook 

of Nerv’ous Diseases, translated by W. Haymaker, St. Louis, C. V. Mosbv Com- 
pany, 1939. 
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cases there was slight to moderate pyramidal tract, disease. Only 1 
case of hemiplegic type was noted. In this case the right leg and arm 
of the patient were weak and wasted, whereas the left extremities 
appeared normal. There A\'ere also early bulbar paralysis, with begin- 
ning atrophy of the tongue, and changes referable to the pyramidal 
tract, most noticeable on the amyotrophic side. In 10 additional cases 
the amyotrophy and muscular fibrillations were severe in the lower 
extremities and lacking or slight in the upper extremities (lumbar 
type). In 2 of these cases mild bulbar paral3’^sis was e.xhibited. In 
each of the 10 cases the pyramidal tracts were involved to a variable 
degree. 

Cases of the at3'pical t3'pe just considered have been described b3' 
man3’ investigators. A bibliograplty and a discussion of them are 
available in Wilson’s textbook of neurolog3^ Our follow-up studies 
and the experiences of others, cited b3' Wilson,'’’" indicate that most 
of these cases eventually develop into more or less t3’^pical examples 
of the complete, or Charcot, type. It also appears that the so-called 
lumbar type, in which amyotrophy develops in the lower extremities 
first, occurs more common^ than is ordinarily believed. In man3' of 
these cases the hyperactive reflexes and the positive Babinski sign prob- 
ably disappear when amyotrophy becomes extreme. The clinical pic- 
ture then constitutes the pseudopol3meuritic t3'pe.® Cases of this t3fpe 
will be considered in detail in the section on progressive muscular 
atrophy with fascicular twitchings. 

Proximal Type: Another group of 5 cases of the atypical form 
belongs with those in which both the upper and the lower motor neu- 
rons are involved, but in them the onset and sequence of am3mtroph3' 
were distinctive. In these cases amyotroph3’' with fasciculations devel- 
oped in the proximal muscles of the extremities, i. e., in the shoulder 
girdles in all cases and less frequently in the arms, neck, thighs, hips 
and back. Later, in a few instances, the forearms and hands became 
involved. In 2 instances mild bulbar paralysis was exhibited. P3Tam- 
idal signs were definite in 4 cases and questionable in 1 . Cases of 
this type have been reported before,'^ and the disorder is described -in 
textbooks of neurology as the scapulohumeral t3'pe."" According to 
Dana,''^ Grinker "" and observations in the present investigation, the course 

6. (a) Patrikios, J. S. : Contribution a I’etude des formes cliniques et de 
I’anatomie pathologique de la sclerose laterale amyotrophique, Thesis, Paris, no. 
149, 1918. (b) Foix, M.; Chavany, and Bascourret: Etude anatomo-clinique d’un 
cas de sclerose laterale amyotrophique a forme pseudo-polynevritique, Rev. neurol. 
32:822-826, 1925. (c) Wohlfart, S. : Die vordere Zentrahvindung bei Pyramiden- 
bahnlasionen verschiedener Art; eine histopathologische Untersuchung, Acta med. 
Scandinav., 1932, supp. 46, pp. 1-235. (d) Friedman, E. D. : Atypical Amyotrophic 
Lateral Sclerosis, New York M.T- 118:422-425, 1923. 

7. Dana, C. L.: Progressive Muscular Atrophy: A Study of the Causes 
and Classifications, with the Report of an Autopsy, J. Nerv. & Ment. Dis. 
33:81-100, 1906. 
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of this variant of the disease is relatiA^ely mild. In 2 of the cases 
in this series follow-up data were available. In 1 instance the total 
duration of the disease was sixteen months and in the other ninety- 
eight months. Another case, not in this series, was recently observed. 
The patient had been ill for six years and exhibited pronounced atrophy 
and weakness of the proximal muscles, fascicular twitchings and unilateral 
pyramidal tract disease, but was able to carry on with his office work six 
days a week. 

Bulbar Type : In 5 additional cases the amyotrophy was limited to 
(3 cases) or chiefly concerned (2 cases) muscles innervated by cranial 
nerves. In each of these cases there was mild or moderate involve- 
ment of the pyramidal tracts. Follow-up studies revealed that in at 
least 2 of these cases the more or less complete picture of amyotrophic 
lateral sclerosis developed before death. It should be pointed out that 
bulbar signs preceded general amyotrophy in 11 instances of the Char- 
cot type of amyotrophic lateral sclerosis. 

In 1 of this group of 5 cases of bulbar involvement the disease pre- 
sented itself originally with ptosis and diplopia. Later these symp- 
toms cleared up; dysarthria and dysphagia developed, and, finally, 
amyotroph}'^ appeared in the lower extremities and hyperactive reflexes in 
all extremities. Von Graefe ® first suggested that progressive ophthalmo- 
plegia could be related to the bulbar paralysis of amyotrophic lateral 
sclerosis. Other investigators have more recently pointed out this rela- 
tionship, but absence of satisfactory pathologic studies precludes any 
definite settlement of the problem.®” 

C. Incomplete Type . — This type includes three dissimilar subtypes, 
in which the clinical picture was dominated b}'' evidences of lateral 
sclerosis, amyotrophy and bulbar palsy respectively. 

1. Lateral Sclerosis with Fascicular Twitchings: There were 9 
cases in this group. The course was rapidly progressive, and the 
patient exhibited hyperactive reflexes, especially in the lower extremi- 
ties, frequently bilateral Babinski signs and occasionally absence of 
abdominal reflexes. In most of the cases a spastic gait occurred ; in 6, 
urgenc}’’ of urination, and in all but 1, in which the course was of short 
duration after admission to the hospital, (six months), muscular fibril- 
lations were exhibited. In the last case the course of the disease was 
rapidty progressive and accompanied by urgency of urination, both of 
these characteristics suggesting that the case belonged to this group. 
In 1 case there was questionable bulbar amyotrophy. Subsequent 
studies revealed that in at least 5 of the 9 cases in this group (all that 
could be followed) am 3 ’^otrophy developed before death, and the pres- 

8. von Graefe, in Eulenburg, A.: Lehrbuch der Ner\'enkrankheiten, Berlin, 
-A. Hirschwald, 1878, vol. 2 ; cited by Wilson.=« 



156 


ARCHIVES Of NEUROLOGY AND PSYCHIATRI 


ence of fibrillations strongly suggested a similar destiny in 3 others. 
The inclusion of these cases as instances of a type of amyotrophic 
lateral sclerosis seems quite justified in view of the ultimate develop- 
ment of am 3 mtrophy in more than half of them. It is of interest in 
this connection that in 6 of 8 cases of lateral sclerosis studied by 
Spiller ® degenerating ventral horn cells were found at autopsy. 

2. Progressive Muscular Atrophy with Fascicular Twitchings: 
There were 26 cases in this group (19 of them had been diagnosed as 
instances of amyotrophic lateral sclerosis and 7 as progressive neuro- 
pathic muscular atrophy, Aran-Duchenne t}'pe). Am 3 'otrophy appeared 
first in the distal parts of the upper extremities in 12 cases, in the 
proximal parts of the upper extremities in 4 others, in the lower 
extremities in 8 cases and in all extremities simultaneously in 2 others. 
In 5 cases some bulbar involvement, usuall 3 '^ slight, was exhibited, and 
in 2 of these the disease was ushered in b 3 f bulbar paralysis. In all 
cases muscular fibrillations appeared early and were followed and 
accompanied b 3 ^ muscular atroph 3 '. No definite signs of p 3 wamidal 
tract disease were found in aiw of the cases of this group, although in 
3 instances the 3 ’’ may have been obscured by severe amyotroph 3 '^ in 
the lower extremities. 

The problem of classifying cases of progressive muscular atrophy 
is difficult, since the evidences of pyramidal tract involvement, i. e., 
spasticity and extensor plantar responses, may have been masked by 
the presence of severe am 3 '^otrophy.^'’ Furthermore, barely detectable or 
slight degeneration of the pyramidal tracts may not produce abnormal 
reflexes. This is indicated by the presence of normal deep reflexes 
and flexor plantar responses in cases of progressive muscular atroph 3 ' 
in which some degeneration of the p 3 '^ramidal tracts has been observed 
post mortem.^^ This aspect of the problem has been reviewed recenth' 
by Wilson. On the other hand, there seem to be a few “pure” exam- 

9. Spiller, W. G. : Primary Degeneration of the Pyramidal Tracts: A Study 
of Eight Cases with Necropsy, Univ. Pennsylvania M. Bull. 17:390-407, 1904. 

10. (o) Ottonello, P. : Sulla sclerosi laterale amiotrofica (Contributo clinico 

ed anatomo-patologico), Rassegna 'di studi psichiat. 18:221, 397 and 557, 1929. 
(b) Marburg, O. ; Amyotrophische lateral Sklerose, in Bumke, O., and Foerster, 
O.t Handbuch der Neurologie, Berlin, Julius Springer, 1936. (c) Wohlfart, G., 

and Swank, R. L. : Pathology of Amyotrophic Lateral Sclerosis : Fiber Analysis 
of the Ventral Roots and Pyramidal Tracts of the Spinal Cord, Arch. Neurol. & 
Psychiat. 46:783-800 (Nov.) 1941. 

11. Boukis, C. : Zur Frage der spinalen Muskelatrophien, Monatschr. f. Psy- 
chiat. u. Neurol. 96:1-12, 1937. Hassin, G. B.: Amyotrophic Lateral Sclerosis; 
Anatomic and Pathologic Considerations, Arch Neurol. & Psychiat. 43:765-777 
(April) 1940; correction, ibid. 43:1056 (May) 1940. Wohlfart and Swank.ife 
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pies of progressive muscular atroph}^ in the literature, although none 
of these have been studied by means of newer methods.^^ 

One might be tempted to conclude that there are two distinct groups 
of cases in which the condition is diagnosed as progressive' muscular 
atrophy, those with lesions of the pyramidal tracts which produce no 
signs, or in which the signs are masked by amyotrophy, and those in 
which the older methods of investigation have revealed no degeneration 
of the pyramidal tracts. The application of newer methods, such as 
fiber analysis,^® to the study of the spinal cords in cases of the latter 
type may show that in many, if not all, of them degenerated pyramidal 
tract fibers are present, although sclerosis may not 3’-et be evident. It 
has been shown in cases of amyotrophic lateral sclerosis that approxi- 
mately 50 per cent of the large nerve fibers in the ventral spinal roots 
may be absent before ordinary microscopic examination reveals the 
defect. This appears to be true of the pyramidal tract areas as well. 
Moreover, sclerosis may not be observed there, even though a reduc- 
tion in the number of large nerve fibers can be detected in fiber anal- 
ysis preparations.^”*^ It must be remembered that the production of 
glial tissues and of the picture of sclerosis takes time. In the final 
analysis there will probably be a small number of cases of progressive 
muscular atrophy with normal pyramidal tracts, and in these instances 
one may assume that there was insufficient time for degeneration to 
occur. Under the circumstances it seems expedient to consider pro- 
gressive muscular atrophy as an incompletely developed phase of 
amyotrophic lateral sclerosis. The investigators who have expressed 
themselves both for and against this concept are too numerous to be 
listed here; the older literature on this subject has been reviewed by 
Rhein.^-*’ 

The problem of classifying primary lateral sclerosis is somewhat 
similar, since in pure clinical examples of pyramidal tract disease 
changes in the ventral horn cells characteristic of amyotrophic lateral 
sclerosis have been shown.” Here, again, studies with the aid of mod- 
ern methods are lacking. 

3. Progressive Bulbar Palsy; There were 3 cases in this group, 
none with pyramidal disease. In 2 of these cases there was amyotrophy 
of a slight degree, aside, from that in relation to the cranial nerves. In 
these cases the illness frequently terminates as the result of aspiration 
pneumonia, so that the complete picture of amyotrophic lateral sclerosis 
may not have time to develop. As noted before, in 11 cases of com- 

12. (a) Alzheimer, A.: Ueber einen Fall von spinaler progressiver Muskel- 
^rophie mit hinzutretender Erkrankung bulbarer Kerne und der Rinde, Arch. f. 

sjchiat. 23:459-484, 1892. (b) Rhein, J. H. W. : Amyotrophic Lateral Sclerosis* 
A Pathological Study of an Early Case, New York M. J. 105:915-919, 1917. 

13. Haggqvist, G. : Analyse der Faserverteilung in einem Riickenmarksquer- 
schmtt, Ztschr. f. mikr.-anat. Forsch. 39:1-34. 1936. Wohifart and Swank.ioc 
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pletely developed amyotrophic lateral sclerosis the first manifestatioir 
of the disease was bulbar paralysis. Tlie early development of bulbar 
signs has been noted by other investigators.^* The theoretic problems 
are similar to those already considered in connection with progressive 
muscular atrophy with fibrillations.*® 

II. CHARACTERISTIC FEATURES OF AMYOTROPHIC 
LATERAL SCLEROSIS 

A. Fibrillary Muscular Twitchings . — Fibrillations were an almost 
constant feature of amyotrophic lateral sclerosis, being absent only in 
the most atrophic muscles. In a few instances, however, they were 
found onl)f after a diligent search. The}' appeared early, before weak- 
ness or atrophy was evident, and were present until the amyotrophy 
had become severe. They were observ^ed most frequently in the shoul- 
ders, arms and thighs, much less frequently in the hands. 

These twitchings appeared to be of great importance in determin- 
ing the rapidity of the course of the disease, few fibrillations indicating 
a slow, and many and widespread fibrillations a rapid, course. In 23 
cases of completely developed amyotrophic lateral sclerosis with marked, 
and widespread fibrillations the total duration of the disease averaged 
twenty-seven months, with a maximum variation of from nine to fifty 
months. In 6 cases with occasional, yet definite, fibrillations the aver- 
age total duration was fifty-eight months or more (in 3 cases the 
patients are still alive), with a maximum variation of twenty-four tO’ 
ninety-six (or more) months. In spite of the fact that the muscular 
fibrillations observed in the hospital represent only a small "sample” 
and that fibrillations may vary from time to time, a fairly close corre- 
lation of these twitchings with the speed of progress of the disease- 
could be demonstrated. 

Pathologic and physiologic studies have shown that many muscle- 
fibers are innervated by a single ventral horn neuron.*® In amyo- 
trophic lateral sclerosis these groups of muscle fibers degenerate together, 
producing a pathologic picture characteristic of this disease: groups 
of muscle fibers in various stages of atrophy surrounded by normal 

14. Wechsler, I. S.: Bulbar Amyotrophic Lateral Sclerosis, Neurol. Bull. 
3:82-86, 1921. 

15. Throckmorton, T. B.: Amyotrophic Lateral Sclerosis, J. Iowa M. Soc. 
7:177, 1917. Rhein.i^b Wilson.^" 

16. Porter, E. L. : Evidence That the Postural Tonus of Decerebrate Rigidity 
Increases in Amount by the Successive Innervation of Single Motor Neurons, 
Am. I. Physiol. 91:345-361, 1929. Eccles, J. C., and Sherrington, C. S. : Numbers 
and Contraction-Values of Individual Motor-Units Examined in Some,jJ.iuscles- 
of the Limb, Proc. Roy. Soc., London, s.B 106:326-357, 1930. Clark, D. A. 
Muscle Counts of Motor Units: A Study in Innervation Ratios, Am. J. Physiol.. 
96:296-304, 1931. 
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fibers.^' It seems, from the work of Denny-Brown and Pennybacker,^® 
that the muscular twitchings in this condition are repeated contractions 
of these motoneuron units. 

Muscular twitchings closely resembling the fibrillations of amyo- 
trophic lateral sclerosis may be seen inconstantly in a variety of con- 
ditions. They may be observed occasionally in cases of purulent 
meningitis, extramedullary tumor of the spinal cord and dementia 
paralytica ; syringomyelia, inflammatory lesions of peripheral nerves 
and progressive hypertrophic polyneuritis ; paralysis agitans, and 
infectious polyneuritis, compression of peripheral nerves and debilitat- 
ing conditions, such as ulcerative colitis.^® This would seem to indicate 
that more than one mechanism can produce muscular fibrillations. It 
has not been proved, however, that the muscular twitchings in each of 
these conditions are due to repeated contractions of motoneuron units, 
and it would seem impossible to determine this from clinical examina- 
tion alone. 

B. Signs of Pyramidal Tract Involvement . — In cases of amyo- . 
trophic lateral sclerosis signs of degeneration of the pyramidal tract 
seemed to appear in the following order : hyperreflexia, extensor plantar 
responses and, finally, absence of cremasteric and abdominal reflexes. 
The first manifestation was always hyperreflexia in the lower extremi- 
ties and, later, in the upper. The hyperreflexia usually became pro- 
nounced before the next sign of pyramidal tract disease, the positive 
Babinski sign, appeared. The latter was present in 43 of 112 instances 
of the completely developed and atypical forms of amyotrophic lateral 
sclerosis and in 6 of 9 cases of lateral sclerosis with fibrillations. In 
31 of the 49 cases with a positive Babinski sign the abdominal reflexes 
were present, and in the remaining 18 cases they were absent.. In 
another 26 cases the abdominal reflexes were absent and the Babinski 
sign was negative. The last group of cases was especially difficult to 
evaluate, as the abdominal reflexes are so frequently disturbed in elderly, 
and especially in emaciated, persons. Furthermore, degeneration of 
the peripheral nerves could not be ruled out. 

17. Durante, G., in Cornil, V., and Ranvier, L. : Manuel d’histologe patholo- 
gique, ed. 3, Paris, Felix Alcan, 1902, vol. 2, pp. 1-477. Wohlfart, G.; Unter- 
suchungen iiber die Gruppierung von Muskelfasern verschiedener Grosse und 
Struktur innerhalb der primaren Muskelfaserbiindel in der Skeletmuslculatur, sowie 
Beobachtungen uber die Innervation dieser Biindel, Ztschr. f. xnikr.-anat. Forsch. 
37:621-642, 1935. 

18. Denny-Brown, D., and Pennybacker, J. B. : Fibrillation and Fasciculation 
in Voluntary Muscle, Brain 61:311-334, 1938. 

19. Personal observations and private communications from other observers. 
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The presence of flexor plantar responses in cases of amyotrophic 
lateral sclerosis with hyperactive reflexes has been noted before.*® Also, 
in cases of lateral sclerosis due to Lathyrus sativus, Minchin noted a 
high percentage of normal abdominal and cremasteric reflexes in patients 
with both hypei'active reflexes and a positive Babinski sign. This dis- 
sociation of the signs of upper motor neuron impairment may be useful 
in the differential diagnosis of lesions of the pyramidal tract. 

Pseudobulbar palsy could be demonstrated in only 1 case. The 
patient exhibited advanced lateral sclerosis with h 3 'perrefle.xia, spastic 
gait, a positive Babinski sign and absence of abdominal and cremasteric 
reflexes. Fascicular twitchings and emotional instability were also 
present. In other emotionally unstable patients with advanced pyram- 
idal tract disease, however, pseudobulbar palsy may have been masked 
by the presence of bulbar amyotrophy. 

Urgency of urination was a complaint in 25 cases of amyotrophic 
lateral sclerosis. In all but 4 of these cases the Babinski sign was 
positive, and in only 1 case was hj'perreflexia the only evidence of 
impairment of the pyramidal tracts. A clear relationship of urgenc}' 
to changes in the pyramidal tract was indicated by its presence in 6 
of the 9 cases of lateral sclerosis with fibrillation and by its absence 
in patients with amyotrophy alone. Severe involvement of the pyram- 
idal tracts was not always accompanied by urgency, however, since 4 
patients with positive Babinski signs did not complain of this symptom. 

Little attention seems to have been paid to urgency in cases of 
amyotrophic lateral sclerosis. Erb " noted it in 2 of his cases of lateral 
sclerosis, and Minchin, in 2 cases of lateral sclerosis due to lathyrism.®’ 
It is of interest that urgency occurred in only 1 of 21 cases of primary 
lateral sclerosis without fibrillations, in contrast to its presence in 6 
instances of urgency among 9 cases of the more acute form of lateral 
sclerosis with fibrillation. Perhaps compensatory mechanisms have 
time to develop in cases of the more chronic form. Certainly, the 
presence of urgency in a patient with pyramidal tract disease only 
suggests that amyotrophic lateral sclerosis may develop. If fibrilla- 
tions are also present the likelihood is increased. 

Emotional instability was frequently associated with degeneration • 
of the pyramidal tracts, although probably not due to it alone. This 

20. Chatelin, C. : Le reflexe cutane plantaire en flexion dans la sclerose laterale 
amyotrophique, Rev. neurol. 21:621-623, 1913. Monrad-Krohn, G. H. : Les 
reflexes plantaires dans la sclerose laterale amyotrophique, ibid. 32:831-834, 1925. 
Brunschweiler : A propos du reflexe de Babinski dans la sclerose laterale am}" 0 - 
trophique, ibid. 32:848-851, 1925. 

21. Minchin, R. L. H. : Primary Lateral Sclerosis of South India (Lathyrism 
Without Lathyrus), Brit. M. J. 1:253-255, 1940. 

22. Erb, W. : Ueber die spastische Spinalparalyse (tabes dorsal spasmodique. 
Charcot), Virchows Arch. f. path. Anat. 70:241-267, 1877. 
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symptom was prominent in 9 cases of pronounced bulbar amyotrophy. 
In these cases the evidences of pyramidal tract involvement ranged from 
hyperreflexia to this sign plus extensor plantar responses and absence 
of abdominal reflexes. In many other cases, however, of just as severe 
bulbar amyotrophy, and also of marked impairment of the pyramidal 
tracts, this symptom was not present. One is forced to conclude that 
although degeneration of the bulbar nuclei, as well as impairment of 
the pyramidal tracts, is frequently associated with emotional instability 
in cases of amyotrophic lateral sclerosis, the underlying cause of the 
emotional instability is probably neither of these pathologic changes. 

Davison and Kelman have recently reported a large group of 
cases of pathologic laughing and crying. Two of their cases were 
instances of amyotrophic lateral sclerosis, and in a third the disturbance 
corresponded to what has been referred to here as lateral sclerosis with 
fascicular twitchings. They concluded that no one region of the brain 
controls or produces this emotional instabilit}^ but that many cortical 
areas, including the frontal, premotor, motor, parietal, temporal and 
hippocampal, may be responsible, since they are centers for integration 
of affective responses. The hypothalamus or other diencephalic nuclei 
appear to be the main centers for release of these responses, however. 

C. Bulbar Amyotrophy . — This feature was noted in 45 cases of the 
complete, 5 cases of the atypical and 8 cases of the incomplete type of 
amyotrophic lateral sclerosis (progressive muscular atrophy and fibril- 
lations). Its incidence was roughly the same in each of these condi- 
tions, whereas with lateral sclerosis with fibrillations bulbar amyotrophy 
Avas infrequently associated (1 case). The muscles innervated by the 
twelfth cranial nerve were involved in all cases with bulbar amyotrophy. 
The next most frequently affected muscles were those innervated by 
the ninth and tenth nerves, then those innervated by the lower part of the 
seventh nerve and, finally, those supplied by the masticator division 
of the fifth nerve. In almost all cases involvement of the cranial nerves 
appeared to be ascending in character, affecting first the hypoglossal 
nerve, then the glossopharyngeal and vagus nerves and the lower part 
of the facial nerve and, finally, the masticator division of the fifth nerve. 
The spinal accessory nerve was not considered with the remaining 
cranial nerves, since its motor division arises from the cervical portion 
of the spinal cord and atrophy of the sternocleidomastoid and trapezius 
muscles was frequentl)'- independent of changes in the other cranial 
nerves. 

D. Pain . — Pains, of a varying character, were complained of by 
more than half the patients, but objectiA’^e sensory changes Avere ahvays 

23. DaA'ison, C., and Kelman, H.: Patliologic Laughing and Cr 3 ’ing, Arch. 
Neurol. & Psychiat. 42:595-643 (Oct.) 1939. 
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lacking. Of an unselected group of 45 cases of completely developed 
amyotrophic lateral sclerosis, cramps and a tightness in the legs were 
complained of in 12. These seemed to be related to involvement of 
the pyramidal tracts. A tired or fatigued feeling or a dull ache was 
complained of in 11 cases, and numbness, coldness or burning, in 6 
others. These pains ^vere frequently complained of early, before the 
true nature of the condition was recognizable, and then were the main 
source of annoyance. Pain in the lower part of the back and the neck 
were common in cases of advanced amyotrophy, probably because the 
joints had lost their muscular siqiport. 


Clinical Data in One Hundred and Nincly-Sci'ci 
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* Atypical forms include the monoplegic, hemiplegic and lumbar. The proximal type has been considered 
because the incidence of elevated protein was unusually high In cases of this form. 


These subjective sensory complaints have been frequently remarked 
and are considered of unusual occurrence.®'* Their source is not at all 
clear, but possibly products of degeneration or of abnormal metabolism, 
which arise from the degenerating motor nerve fibers or muscle fibers, 
stimulate the neighboring sensory nerve fibers. Compression of sensory 
nerve fibers by contracting connective tissues which are replacing degen- 
erated motor nerve fibers could also be a factor late in the disease, but 
probably not at its beginning. 

E. Cerebrospinal Fluid Proteins. — ^The proteins of the cerebrospinal 
fluid were elevated above 40 mg. per hundred cubic centimeters in 55 
cases of amyotrophic lateral sclerosis, and in 37 instances the protein 

24. Wechsler, I. S.; Brock, S., and Weil, A.: Amyotrophic Lateral Sclerosis 
witli Objective and Subjective (Neuritic) Sensory Disturbances: Clinical and 
Pathologic Report, Arch. Neurol. & Psychiat. 21:299-310 (Feb.) 1929. Bing.®** 
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content was greater than 50 mg. per hundred cubic centimeters. The 
table shows the changes in the cerebrospinal fluid proteins which were 
observed in each type of the disease. It appears from the data that 
the proteins were affected more by lesions in the peripheral nerves than 
by those in the pyramidal tracts and that bulbar amyotrophy alone was 
associated with minimal changes in this substance. In 12 cases in 
which the proteins were above 70 mg. per hundred cubic centimeters 
there was severe general amyotrophy, whereas pyramidal signs were 
variable or absent (2 cases). In 6 of these cases there was severe, in 
1 mild and in 5 no bulbar paral3^sis. The duration of the disease in 
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these 12 cases varied from three to thirty months, in 7 cases being less 
than one year. In 6 of the 7 cases in which the illness was of one 
year’s duration or less bulbar amyotrophy was severe. 

In a group of cases of amyotrophic lateral sclerosis Merritt and 
Fremont-Smith found the protein content of the cerebrospinal fluid 
elevated much as reported here. In all other respects, essentially, the 
cerebrospinal fluids were normal in both series of cases. 

F. Vital Data . — These data, of which little unusual can be said, are 
presented in the table. The age of onset of amyotrophic lateral sclerosis 
was chiefly during the fourth, fifth and sixth decades of life. The sex inci- 
dence was approximately 3 males to 1 female, except in cases of lateral 
sclerosis with fibrillations and bulbar palsy, with or without involve- 
ment of the pyramidal tracts. In these cases there was a tendency 

25. Merritt, H. H., and Fremont-Smith, F.: The Cerebrospinal Fluid, Phila- 
delphia, W. B. Saunders Company, 1937. 
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for females to be more numerous than males. There was a somewhat 
higher incidence of amyotrophic lateral sclerosis among Jewish patients 
than would have been expected from the incidence of their admission 
to this hospital. This was especially noticeable in the complete, or 
Charcot, type. Otherwise, the racial incidence was not unusual, and 
almost all racial groups except the Chinese were represented. Reed 
stated that the disease occurs with ordinar}'^ frequency in the Chinese. 

Associated diseases were conspicuous by their infrequency. Dia- 
betes mellitus occurred in 4 cases; secondary anemia, of unknown 
origin, in 2 cases; questionable pernicious anemia, in 1 case; hyper- 
tension, in 1 case; brain tumor, in 1 case; syphilis, in 1 case; osteo- 
arthritis, in 1 case, and chronic myelitis, in 1 case. These conditions 
either had preceded or were present simultaneousl}'^ with amyotrophic 
lateral sclerosis. Trauma was also conspicuous by its infrequency; in 
only 1 instance was there a clear time relation between the occurrence 
of appropriate injury and amyotrophy. Trauma frequently occurred 
after the onset of the disease, and then was due to the patient’s motor 
impairment. Trauma as a causative factor has been investigated and 
discussed by others,-" and it can be said that there is no clear or con- 
stant etiologic relationship between it and the onset of amyotrophic 
lateral sclerosis in this series. 

Many years before the onset of what appeared to be amyotrophic 
lateral sclerosis, 3 patients, not included in this analysis, had had 
encephalitis, and 2 others, acute poliomyelitis. Salmon and Riley-® 
have recently discussed the relationship of acute poliomyelitis to subse- 
quent chronic amyotrophy. The present study has not materially clari- 
fied the relationship. 

PRIMARY LATERAL SCLEROSIS WITHOUT FASCICULAR 

TWITCHINGS 

Twenty-one cases have been included in this group. They were 
distinguished from the examples of acute lateral sclerosis with fibril- 
lations by the very gradual, or insidious, onset of signs and symptoms 
of pyramidal tract disease. Hyperreflexia appeared first in the lower 
extremities in all cases. Later, in all but 7 signs of pyramidal involve- 

26. Reed, A. C. : Nervous Diseases in China, Boston M. & S. J. 171:638- 
643, 1914. 

27. Waggoner, R. W., and Lowenberg, K. : The Role of Trauma in Amyo- 
trophic Lateral Sclerosis, Tr. Am. Neurol. A. 65:84-92, 1939. Turner, J. W. A.: 
Trauma and Progressive Muscular Atrpphy, Lancet 2:549-551, 1939. 

28. Salmon, L. A., and Riley, H. A. : The Relation Between Chronic Anterior 
Poliomyelitis or Progressive Spinal Muscular Atrophy and Antecedent Attack 
of Acute Anterior Poliomyelitis, Bull. Neurol. Inst. New York 4:35-63, 1935. 
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ment were present in the upper extremities, and in 1 pseudobulbar 
palsy with emotional instability developed. In all but 3 cases in this 
group extensor plantar responses were elicited, and in 11 of these 
abdominal reflexes were absent. Muscular fibrillations and amyotrophy 
were observed in none of these cases, and in only 1 was urgency of uri- 
nation complained of. The course of the disease was slowly progres- 
sive, having a duration of more than five years in 11 cases and of more 
than ten years in 6 cases at the time the patient entered the hospital. 
In only 1 instance was the involvement of the pyramidal tract unilateral, 
as in the cases described by Mills.^® 

In many respects the evidences of impairment of the pyramidal tract 
in these patients were similar to those observed in am5mtrophic lateral 
sclerosis. The signs were ascending in that they appeared in the lower 
extremities first and in the upper extremities later. In both conditions 
the order in which the neurologic signs developed was the same, i. e., 
hyperreflexia, extensor plantar reflexes and, finally, absence of abdom- 
inal reflexes. In cases of amyotrophic lateral sclerosis the chief distin- 
guishing features were urgency of urination and the very rapid course. 
It is possible that urgency did not appear in cases of the more slowly 
developing lesions of the pyramidal tract because compensatory mechan- 
isms had time to develop. The fact that the cerebrospinal fluid proteins 
were elevated to 88 mg. per hundred cubic centimeters in the 1 case in this 
group with urgency suggests that the course of the disease had recently 
become rapidly progressive and that perhaps amyotrophy would appear 
later. It is of considerable interest that the development of pyramidal 
signs in posterolateral sclerosis, as well as in amyotrophic lateral scle- 
rosis, is similar.^® An interesting discussion of the relationship of lateral 
sclerosis to amyotrophy on the one hand, and to posterior column dis- 
ease, on the other, was given by Striimpell.^^ 

A few facts relative to vital data are of interest. In cases of lateral 
sclerosis, with or without fibrillations, females were afflicted more fre- 
quently than males. Also, the incidence of both conditions in Jewish 
patients was lower than would be expected from the incidence of Jews 
admitted to this hospital. There was considerable variation in the age 
of onset in cases of lateral sclerosis without fibrillations, although in 
most cases the onset was in the fourth, fifth or sixth decade. 

29. Mills, C. K. : Unilateral Ascending Paralysis and Unilateral Descending 
Paralysis, J. A. M. A. 47:1638-1645 (Nov. 17) 1906. 

30. Ungle}--, C. C., and Suzman, M. M.; Subacute Combined Degeneration of 
the Cord: Symptomatology and Effects of Liver Therapy, Brain 52:271-291, 1929. 

31. Striimpell, A.: A Textbook of Medicine, translated from the thirteenth 
German edition bj'^ H. F. Vickery and P. C. Knapp, third American edition. 
New York, D. Appleton and Company, 1901. 
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In recent years there has been a tendency among neurologists to 
doubt the existence of pure examples of lateral sclerosis (aside from 
familial types). This tendency is to a limited extent supported by 
Spider’s ” study of 8 cases, which clinically were examples of lateral 
sclerosis. In 6 of these, degenerating ventral horn cells were noted ; 
in only 2 cases were the pathologic changes limited to the pyramidal 
tract areas. Erb,-“ Striimpell and other early investigators expressed 
the belief, on the basis of pathologic studies, that pure cases of lateral 
sclerosis did exist, although in many instances clinically pure cases were 
shown later to be examples of posterolateral sclerosis or amyotrophic 
lateral sclerosis. Recent investigators seem to believe that modern 
methods of study would disclose even fewer examples of “pure” lateral 
sclerosis. Here, again, Wilson pointed out the gross absence of any 
such studies. Final judgment must be reserved, although it seems quite 
likely that a limited number of “pure” examples of lateral sclerosis do 
occur. For the purpose of prognosis it is of considerable value to 
recognize the clinical examples of this condition, since then life expectancy 
of the patients is much greater than is that of patients with lateral 
sclerosis plus muscular fibrillations. 

PROGRESSIVE MUSCULAR ATROPHY WITH FEW OR 
NO FASCICULAR TWITCHINGS 

There were 16 cases in this group. They were distinguished from 
cases of progressive muscular atrophy with fibrillations (incompletely 
developed amyotrophic lateral sclerosis) by an insidious onset and a 
slowly progressive course. The main feature in this group was amy- 
otrophy. This appeared first in the distal parts of the extremities, and 
there became extreme. Usuall}'^ muscular atrophy failed to progress 
central to the knee or lower portion of the thigh, in the lower extremi- 
ties, and to the hand or forearm, in the upper extremities, so that 
spindle deformities resulted. In all cases the legs were involved, and 
in many the hands and forearms as well. Twice the lower and upper 
extremities became involved simultaneously. In 2 cases the trapezius, 
erector spinae and sternocleidomastoid muscles were also atrophic, so 
that the patient’s head bobbed around like a ball balanced on the end 
of a seal’s nose. In 3 instances deformities of the feet, i. e., equino- 
varus and pes cavus, were noted. These had appeared early and were 
well developed before much attention was paid to them. 

The slowly progressive nature of this condition is illustrated in a 
case in which an interval of thirteen years occurred between involve- 
ment of the legs. Seven years later the hands became im’-olved as 
well. Usually, however, both legs became affected within a year, and 
the hands as well within three to five years. After this initial involve- 
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ment of the extremities, further progress of the developing amyotrophy 
appeared to be arrested, and the patient’s condition remained almost 
stationary, in many instances for years. All but 2 of the patients fol- 
lowed at this institute during the past ten years are still alive and little 
changed from the time they first entered the hospital. One of them 
died after an operation for gallstones. In the other patient the course 
of the disease had been slowly progressive for about six years. Fascic- 
ular twitchings were then noted in the shoulders for the first time, and 
in less than two years the patient died. This patient also exhibited hyper- 
active reflexes, a positive Babinski sign on one side and diminution in 
objective peripheral sensitivity of the extremities. 

Fibrillations were notably absent in 12 and inconspicuous in 4 of 
these cases. Evidences of pyramidal tract disease were observed in 3 
cases. These consisted of hyperreflexia in the lower extremities in 1 
case, extensor plantar responses in another and hyperreflexia, extensor 
plantar responses and absence of the lower abdominal reflexes in the 
third. Urgency of urination was not noted in any case. It is worth 
while to point out that signs of involvement of the pyramidal tract 
developed in the same order in these cases as in cases of amyotrophic 
lateral sclerosis, only more slowly. In 3 instances, in all of which 
pyramidal signs were absent, the cerebrospinal fluid proteins were ele- 
vated to 51, 78 and 100 mg. per hundred cubic centimeters respectively. 
This increase appeared to be of no prognostic value. 

Subjective sensory complaints were frequent, and objective sensory 
changes, usually vdth stocking and glove distribution, were observed in 
4 cases. From the fact that the objective changes were demonstrated 
only after long-standing weakness and severe amyotrophy, it is possible 
that these sensory phenomena were secondary to degenerative and 
reparative changes which were taking place in the peripheral nerves. 
Presumably, the degenerated motor nerve fillers were gradually replaced 
by scar tissue. This tissue contracted and exerted pressure on the sen- 
sory nerve fibers, and sensory phenomena, both subjective and objec- 
tive, resulted. This concept is not supported by the occurrence of 
peripheral sensoiy changes in cases of so-called scapuloperoneal amy- 
otrophy,^- since the amyotroph}’’ in the upper extremities is proximal 
and separated from the area of sensory change by a variable distance. 

The incidence of males in these cases was relatively high, 12 males 
to 4 females, and the racial incidence was not remarkable. The age 
of onset was early, before the twentieth year in 11 cases. The influence 
of heredity was apparent in 5 of the 16 cases, in 2 of which other mem- 
bers of the family were affected. In these cases the age of onset and 


32. Davidenkov, S. N. ; Scapuloperoneal Amyotrophy, Arch. Neurol. & Psy- 
chiat. 41:694-701 (April) 1939. 
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the sex and racial incidences were not different from those for the 
group as a whole. However, the cases with a hereditary background 
were different from the remaining cases in the group in one particular, 
in that in 3 of them there were foot deformities, mentioned before. In 
2 there were no such deformities. 

In the 5 cases in this group with a hereditary background the dis- 
order corresponded closely with the condition designated by the term 
peroneal, or the Charcot-Marie-Tooth type of progressive muscular 
atrophy.^® In 3 of these cases foot deformities were noted, and in 2 
objective as well as subjective sensory changes were present. In all other 
respects, with the possible exception of speed of progress, which cannot 
be checked now because all but 2 of the patients who could be followed 
are still alive, these cases were not to be definitely distinguished from the 
remaining 11 cases of nonhereditary disease. It should be noted that 
objective sensory changes were also demonstrated in 2 of the cases of the 
nonhereditary form. 

A review of the literature relative to examples of the hereditary or 
familial form of progressive muscular atrophy (progressive muscular 
atrophy with few or no muscular fibrillations) revealed two noteworthy 
facts.®^ First, an extremely insidious onset of foot deformities is com- 

33. Charcot, J. M., and Marie, P. : Sur une forme particuHere d’atrophie 
musculaire progressive, souvent familiale, debutant par les pieds et les jambes et 
alteigmant les mains. Rev. de med. 6:97-138, 1886; cited by Symonds and Shaw.®^® 
Tooth, H. H. : The Peroneal Type of Progressive Muscular Atrophy, Thesis, 
Cambridge, London, H. K. Lewis, 1866; cited by Symonds and Shaw.®^'^ 

34. (a) Siemerling, E. : Zur Lehre der spinalen neuritischen Muskelatrophie 

(Atrophia muscularis progressiva spinalis neuritica Bernhardt), (progressiven 
neurotischen oder neuralen Muskelatrophie Hoffmann), Arch. f. Psychiat. 31:105- 
127, 1898. (&) Virchow, R. : Ein Fall von progressiver Muskelatrophie, Virchows 
Arch. f. path. Anat. 8:537-540, 1855. (c) Symonds, C. P., and Shaw, M. E. : 
Familial Claw-Foot with Absent Tendon Jerks: A “Forme Fruste” of the 
Charcot-Marie-Tooth Disease, Brain 49:387-403, 1926. (d) Eisenbud, A., and 

Grossman, M. : Peroneal Form of Progressive Muscular Atrophy, Arch. Neurol. 
& Psychiat. 18:766-778 (Nov.) 1927. (e) Cavanaugh, W. J., and Tucker, H. : 
Progressive Neural Muscular Atrophy (Peroneal Type) : Clinical Report of Two 
Cases in Brothers, Associated with Mental Symptoms, New Orleans M. & S. J. 
81:290-293, 1928. (/) Lhermitte, J., and Mouzon, J. : Amyotrophic du type 

Charcot-Marie a debut tardif. Predominance familiale dans le sexe feminin. Rev. 
neurol. 67:243-248, 1937. ig) Brownsberger, C. N., and Nielsen, J. M. : Pro- 
gressive Spinal Muscular Atrophy with Sensory Changes: Possibility of Two 
Diseases, Bull. Los Angeles Neurol. Soc. 3:182-185, 1938. (/*) Schneider, D. E., 
and Abeles, M. M. : Charcot-Marie-Tooth Disease with Primary Optic Atrophy : 
Report of Two Cases Occurring in Brothers, J. Nerv. & Ment. Dis. 85:541-547, 
1937. (t) Ingham, S. D. : A Case of Transition Between Charcot-Marie-Tooth" 
and General Form of Progressive Spinal Muscular Atrophy, Bull. Los Angeles 
Neurol. Soc. 3:136-137, 1938. (;) Fitzgibbon, J. P.: Atypical Charcot-Marie- 

Tooth Disease Following Probable Poliomyelitis, ibid. 4:136-138, 1939. 
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nionly the initial manifestation of the disease. This was usually noted 
early in childhood or infancy. Notable exceptions to this rule are a 
case described by Lhermitte and Mouzon,^^^ with onset at the age of 
52, and 1 case in this series, with onset at the age of 30. Second, cases 
of the familial type are apt to present features not ordinarily consid- 
ered as a part of the general picture of progressive muscular atrophy 
— for example, optic atrophy,^^^ posterior column disease,®® mental 
changes,®^® nystagmus ®^’^ and scapular amyotrophy.®® The sensory 
changes, said by Charcot, Marie and Tooth to be of infrequent occur- 
rence, need no further emphasis. In a few cases evidences of pyramidal 
tract disease were also present.®® 

In commenting on the foot deformities, Symonds and Shaw ®^® 
stated that if the intrinsic muscles of the feet are affected first pes cavus 
develops, and if the peroneal and anterior tibial groups are involved 
first equinovarus results. These authors also pointed out that in the 
main postmortem examinations have been unsatisfactory and few, and 
have revealed a variable pathologic picture combined with degeneration 
of the anterior horn cells and of the ventral motor nerve roots. A 
study by Macklin and Bowman ®' of a family composed of 101 persons 
showed that approximately 50 per cent of the offspring of parents with 
the disease became afflicted. 

The remaining 11 cases without hereditary or familial features 
appear to be cases of arrested amyotrophic lateral sclerosis, 8 of which 
were instances of the incompletely developed disease and might well be 
examples of slowly developing progressive muscular atrophy, and 3 of 
which might be examples of an arrested or slowly progressive form 
of the complete, or Charcot, type. In all of these cases muscular fibril- 
lations were absent or inconspicuous. This is of interest in view of 
the fact that in cases of amyotrophic lateral sclerosis with few fibrilla- 
tions the prognosis is better than in those with many fibrillations. 

The relationship of the hereditary to the nonhereditary forms of 
progressive muscular atrophy with few or no fibrillations is uncertain. 
Clinically the cases may be similar, a transition from one form to the 
other being supplied by the 2 cases of nonhereditary type with sensory 
changes and the 2 cases of hereditary type without foot deformities. 
Although the fact is not clearly demonstrable here, a study of the litera- 
ture and consideration of the cases included in this study indicate that 
the hereditary form of the disease was somewhat less rapidly progres- 
sive than the nonhereditary form. Also, the amyotrophy in cases of 

35. Sienierling.s*“ Virchow.®^'’ Schneider and Abeles.®^^ 

36. Brownsberger and Nielsen.^^s Ingham.®^* 

37. Macklin, M. T., and Bowman, J. T. : Inheritance of Peroneal Atrophy, 
J. A. M. A. 86:613-617 (Feb. 27) 1926. 
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the hereditary form tended to be limited to the more periplaeral parts 
of the extremities. In both these respects an indistinguishable transi- 
tion from one type to the other was present, and notable exceptions 
were encountered. In none of our cases of the hereditary form were 
evidences of pyramidal tract disease observed, but elsewhere,^® as noted 
before, this has been reported. 

COMMENT 

Amyotrophic lateral sclerosis may be considered to be a steadily 
progressive, fatal disease of ai^proximately one to six years’ duration. 
Our data (table) do not indicate that its various clinical types, i. e., 
complete, incomplete and at 3 'pical, differ notably in their course, although 
it must be said that the prognosis increases in gravity as the clinical 
picture becomes more complete. This is to be expected, since the 
at 3 ^pical form and in many cases the incomplete form become complete 
before death. The cerebrospinal fluid proteins were not always a 
reliable index of progression of the disease. It is true that elevation 
of proteins occurred in most of the cases of more rapidly progressive 
course, but in many cases of slowly progressive course this increase was 
also exhibited. The appearance of bulbar palsy must always be viewed 
with' alarm, since this makes feeding difficult and may lead to the devel- 
opment of aspiration pneumonia. 

The frequency and magnitude of muscular fasciculations appeared 
to be a reasonable indication of the speed of progress of the disease. 
As pointed out before, many fascicular twitchings indicated that the 
amyotrophy was developing rapidty, whereas few fibrillations were seen 
when it was more slowly pi'ogressive. It should not be forgotten, how- 
ever, that only a. small “sample” of fibrillations could be observed 
during the patients’ stay in the hospital. Quite possibly, the fibrilla- 
tions may have been entirely different either before or after this 
period. Despite this obvious source of error, a fairly close correlation 
could be demonstrated. This should be of value in prognosis, espe- 
cially when patients can be observed from time to time over a longer 
period. 

The prognosis in cases of either primaiy lateral sclerosis or pro- 
gressive muscular atrophy without muscular fibrillations was surpris- 
ingly good. It is worth mentioning that the cerebrospinal fluid proteins 
were elevated' in 3 cases of progressive muscular atrophy without fibril- 
lations, the course of the disease in these cases being no different from 
that in the other cases in this group with normal cerebrospinal fluid 
proteins. 

It was noted earlier in this paper that the 11 cases of nonhereditaiy 
progressive muscular atrophy without fibrillations might conceivably be 
instances of arrested or very slowly progressive amyotrophic lateral 
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sclerosis, 3 being of the complete, or Charcot, type and the remaining 
8 of the incomplete t 3 ^pe. Four additional cases classified as of the 
Charcot type, another as of the atypical (monoplegic) type and, finally, 
another as of the incomplete t)^pe (progressive muscular atrophy with 
fibrillations) can, it would seem, be added to these 11 cases. The 
progress of the disease in the last 6 cases was arrested, was ver}^ slowly 
progressive or, as in 1 case, was arrested and followed by improve- 
ment. All of the patients are still alive and have been ill for from five 
to eleven years. 

More recentl)'- 3 similar cases have been observed at the Long Island 
Hospital, Boston. In 2 cases the condition was characterized by amy- 
otrophy of about twenty-five )^ears’ duration. In 1 of these the mus- 
cular atrophy had developed rapidly over a period of two or three years 
and had since remained stationary. The patient had serologic evidence 
of syphilis.^® In the second case the am}mtrophy had been very slowly, 
but steadily, progressive, and bulbar amyotrophy had developed during 
the last six months. In the third case advanced amyotroph}'’, bulbar 
palsy and lateral sclerosis of eight years’ duration were exhibited. 
Little progress had been noted in the patient’s condition for several 
years, and recently she had gained in strength. 

Thus, a total of 20 patients might be considered to have slowly 
progressive or arrested amyotrophic lateral sclerosis, 8 of them exhibit- 
ing signs of pyramidal tract disease plus amyotrophy, the remaining 12 
manifesting only amyotrophy. Some of these patients noted that the 
disease had been rapidly progressive in the beginning, at which time 
others noted muscular twitchings. In the remaining patients the disease 
had been slowly and steadily progressive from the start. The problem 
at hand is to determine how frequently the course of the disease ma)^ 
be so prolonged. According to the present study, this may occur in at 
least 5 per cent, and in no more than 10 to 15 per cent of cases. Perhaps 
these have caused the controversy in connection with vitamin E therapy. 
Also, one must not overlook the influence of incidental conditions, such 
as cardiac failure and chronic sepsis, on neurologic conditions in general, 
and more specifically on amyotrophic lateral sclerosis. Their relief 
through specific and general therapies undoubtedly benefits the under- 
lying condition. 

If am3'-otrophic lateral sclerosis can become arrested, it seems reason- 
able to expect that ver 3 '' slowly progressive muscular atroph 3 '^ can 
suddenly become rapidly progressive. This appears to have happened 

38. It is quite likely that this patient’s amyotrophy was due to syphilitic 
lesions in the spinal cord. This cause must be very uncommon, however, since 
only 1 case in the present series had serologic evidence of S3'philis, and a past 
history of syphilis was almost as rare — a check revealing no past history of 
syphilis in 50 of the most recent cases. 
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in 1 case, in which for five or six years the amyotrophy had been very 
slowly progressive and without fascicular twitchings. Rather suddenly 
fibrillations developed in the shoulder girdles, and when the patient 
entered the hospital knee and ankle jerks were hyperactive and a Babinski 
sign was elicited on one occasion. In less than two years he died. 

Problems of classification cannot be decided arbitrarily, especially 
since there are so few pathologic and no physiologic or biochemical 
data. Possibl}’- all patients with amyotrophic lateral sclerosis die of 
the disease according to schedule, and the arrested or slowly progressive 
forms represent an entirely different condition. This concept is held 
by many investigators of the problem. Diagnosis, based on the latter 
concept, will many times be difficult because the forms of the disease 
are not demarcated into distinct groups but, rather, merge with one 
another. This spectral relationship was brought out in the large number 
of cases studied, and is represented schematically in the figure. Neither 
concept of the relationship of these conditions should lead to needless 
confusion in judging the efficiency of therapy if one recognizes that the 
course of the disease may be variable. 

Examples of slowly progressive muscular atrophy have been described 
before, notably in the English literature by Dreschfeld and Dana.’' Both 
these authors reviewed the older literature and pointed out the apparent 
lack of familiarity of American and English writers with the condition. 
The relationship of syphilis in these cases is not at all clear. None 
of the cases in this series were complicated by this condition, whereas 
earlier writers expressed the belief that in most of their cases the disease 
was caused by syphilis. Amyotrophy due to syphilis is quite distinctive 
pathologically,^'* but conceivably could be confused with nonsyphilitic 
amyotrophy, especially if the blood and spinal fluid were not examined 
serologically. 

The relationship of primary lateral sclerosis to amyotrophic lateral 
sclerosis is subject to the same dual interpretation; namely, the two 
conditions may be closely related, one being more slowly progressive 
than the other (figure), or they may be distinct and separate entities. 
It suffices to point out here that the clinical findings referable to the 
pyramidal tracts were the same in both instances, except that urgency of 
urination was infrequent in cases of slowly progressive primary lateral 
sclerosis and that in 6 of 8 clinical cases of primary lateral sclerosis 
pathologic studies showed degenerating ventral horn neurons.® It is 

39. Dreschfeld, J. : On- Some of the Rarer Forms of Muscular Atrophies, 
Brain 8:164-190, 1885. 

40. Martin, J. P. : Amyotrophic Meningo-Myelitis (Spinal Progressive Mus- 
cular Atrophy of Syphilitic Origin), Brain 48:153-182, 1925. Putnam, T. J., and 
Alexander, L. : Tissue Damage Resulting from Disease of Cerebral Blood Vessels, 
A. Research Nerv. & Ment. Dis., Proc. (1937) 18:544-567, 1938. 
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noteworthy that the signs referable to the pyramidal tract in cases of 
posterolateral sclerosis may also be similar to those which were observed 
in cases both of amyotrophic lateral sclerosis and of primary lateral 
sclerosis, and that amyotrophy may develop in cases of posterolateral 
sclerosis.^^ 

Recent pathologic studies have contributed to a better understanding 
of the fundamental lesions in amyotrophic lateral sclerosis. In a study 
of the brains and spinal cords from 37 patients with this condition, 
Davison found the pyramidal tracts in the spinal cord degenerating in 
all cases, in the medulla as well in all but 4 cases, in the pons and medulla 
as well in all but 16 cases and in the peduncles, pons and medulla as 
well in all but 23 cases. In only 12 cases could degeneration be traced 
from the large pyramidal cells in the frontal cortex into the brain stem 
and spinal cord. Moreover, the pathologic changes in the spinal cord and 
lower portion of the brain stem were old and were characterized by gliosis 
and the complete absence of many nerve fibers, whereas in the upper 
part of the brain stem the lesions were younger and were characterized 
by absence of gliosis and by the presence of fragmenting nerve fibers, 
easily identified in Marchi and sudan III preparations. Davison con- 
cluded that the upper motor neuron may begin to degenerate anywhere 
along its course, but chiefly in the brain stem and spinal cord. He pointed 
out that these general observations were noted some years ago, but had 
apparently been forgotten. 

Davison’s observations do not support the widely held belief that in 
amyotrophic lateral sclerosis degeneration starts in the motor cortex and 
proceeds down the pyramidal tracts. On the contrary, they suggest that 
degeneration begins in the most caudal part of the pyramidal tract and 
proceeds centralward, so that only in the most severe cases is the entire 
tract involved, and then much less in the upper than in the lower part 
of the brain stem. The clinical findings in the present study are in accord 
wdth such a concept, inasmuch as the signs of pyramidal tract disease 
appeared first in the legs and later in higher levels. 

. Pathologic studies in clinical instances of primary lateral sclerosis 
by Spiller® and in cases of posterolateral sclerosis by Russell, Batten 
and Collier revealed similar changes in the pyramidal tracts. In addi- 
tion to lesions in the pyramidal tracts, degeneration has also been noted 

41. Hassin, G. B. : Amyotrophic Lateral Sclerosis Complicated by Subacute 
Combined Degeneration of Cord : Clinical and Pathologic Report of Case, 
Arch. Neurol. & Psj’^chiat. 29:125-138 (Jan.) 1933. 

42. Davison, C. : Amyotrophic Lateral Sclerosis : Origin and Extent of the 
Upper Motor Neuron Lesion, Arch. Neurol. & Psychiat. 46:1039 (Dec.) 1941. 

43. Russell, J. S. R. ; Batten, F. E., and Collier, J. : Subacute Combined 
Degeneration of the Spinal Cord, Brain 23:39-110. 1900. 
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in the rubrospinal,^* spinocerebellar *- and spinothalamic *- tracts in cases 
of amyotrophic lateral sclerosis, the relative infrequency of the spino- 
thalamic changes suggesting that they develop later. It is quite possible 
that the subjective and later objective sensory alterations in a few of 
these cases are due to degeneration of the spinothalamic tracts. 

By means of liber analysis, Wohlfart and Swank demonstrated 
that large nerve fibers in the ventral spinal roots degenerated first in 
cases of amyotrophic lateral sclerosis, leaving the small fibers relatively 
intact. The large ventral horn nerve cells suffered a similar fate, the 
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Schematic representation of the spectral relationship of the clinical features 
of the conditions analyzed in this study. Note the reciprocal relationship of 
amyotrophy and evidences of impairment of the pyramidal tract. Note, also, the 
close correlation of muscular fibrillations and the speed of progress of the disease. 


small cells remaining relatively unharmed. The large fibers in the cortico- 
spinal tract areas of the spinal cord also appeared to suffer most in tins 
condition, but accurate measurements of these fibers were impossible, ^ 
owing to the presence of glial tissue. The inference from this study i' ■ 
that an orderly sequence of degeneration, based on fiber size, occurs in t' ' 
ventral roots and corticospinal tracts in cases of amyotrophic lat- ■ 

44. (a) Kure, K. : Die vierfache Muskelinnervation, Berlin, Urban 7 
enberg, 1931. {h) Wohlfart and Swank.!®® ■ , 
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sclerosis ; the large fibers degenerate first, and progressively smaller fibers 
degenerate subsequently. Similar suggestions were made previous to this 
by Kure and Hecbst/^ but their observations were limited and were 
not supported by measurements. 

The observations of Grund^° and Shelden and Woltman^' indicate 
that, contrary to prevailing opinion, the impulses which provoke fascicular 
twitchings in patients with amyotrophic lateral sclerosis may arise outside 
the cell body. These investigators blocked the net^’-e supply of fibrillating 
muscles with procaine at a point near the spinal cord and observed that 
the fibrillations continued even though the muscle was completely para- 
lyzed. Further investigation along this line^’’^ has corroborated these 
observations and has shown in addition that injection into a nerve trunk 
near the muscle it supplies may stop or diminish the fibrillations in most 
instances, but that sometimes it is necessar}'- to inject procaine directly 
into the muscle to stop them entirely. These studies suggest that the 
impulses causing fasciculations arise in the nerve near the muscle, or 
possibly in the muscle itself in some cases, rather than in the cell body. 
Furthermore, it suggests that the degenerative changes in the peripheral 
motor nerves are appearing first in the distal part of the nerve fiber, and 
not in the cell bod3% The observation of Denity-Brown and Penny- 
backer that fasciculations continue in antagonistic muscles during 
voluntary movement does not appear to conflict with this conception. 

Degeneration, according to this pattern, has been shown to occur in 
cases of thiamine deficiency by Swank and Swank and Prados.^® In 
this condition degeneration usually first appears in the distal part of a 
neuronal process and subsequently progresses toward the cell bod}’. The 
cell body exhibits the axon reaction later, or in many instances not at all. 
It is of considerable interest that large fibers degenerate first both in 
thiamine deficiency and in amyotrophic lateral sclerosis, but in the former 
condition the proprioceptive sensory fibers are affected first, and in the 
latter, the large motor nerve fibers. In alcoholic patients it has also been 

45. Hechst, B. : Zur Pathohistologie und Pathogenese der amyotrophischen 
Lateralsklerose, Arch. f. Psychiat. 93:159-181, 1931. 

46. Grund, G. : Ueber die Entstehung der fibrillaren Muskelzuckungen bei 
spinalcn Amyotrophien, Deutsche Ztschr. f. Nervenh. 145:99-109, 1938. 

47. Shelden, C. H., and Woltman, H. W. : Origin of Fibrillary Twitchings, 
Proc. Staff Aleet., klayo Clin. 15:646-648, 1940. 

47a. "Work in progress, with the collaboration of Dr. T. C. Price, of the Neuro- 
logical Institute of New York. 

48. Swank, R. L. : Avian Thiamin Deficiency: Correlation of Pathologj' and 
Clinical Behawor, J. Exper. }ilcd. 71:683-702, 1940. 

49. Swank, R. L., and Prados, M. : Avian Thiamin Deficiency: II. Patho- 
logical Changes in the Brain and Cranial Ncri’es (Especially the Vestibular) and 
Their Relationship to the Clinical Behavior, Arch. Neurol. & Ps\'chiat. 47:97-131 
(Tan.) 1942. 
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shown by Greenfield and Carmichael that the large nerve fibers in the 
peripheral nerves suffer the greatest damage. These facts suggest that 
in some fundamental way the metabolism of motor neurons differs from 
that of sensory neurons. 

It was indicated earlier in this paper that therapy of amyotrophic 
lateral sclerosis with vitamin E or vitamin Bo had not been wholly 
satisfactory. A possible explanation for a few of the optimistic reports 
has already been offered, namely, that in a few untreated patients the 
course of the disease is prolonged. All other methods of ti'eatment, to 
date, have been equally ineffective in altering the coui'se of this disease, 
with several possible exceptions. Patients with marked bulbar palsy 
may be greatly improved, although only temporarily, by tube feeding. 
This improves the general condition of the patient and lessens the inci- 
dence of aspiration pneumonia. Also, patients with coincidental cardiac 
failure, chronic sepsis and similar maladies are frequently greatly bene- 
fited by improvement in these superimposed burdens. The hope that 
amyotrophic lateral sclerosis will respond to specific therapy should 
not be abandoned, however, in view of the irregular course of the disease 
in some cases. 

SUMMARY 

The records of 197 patients with amyotrophic lateral sclerosis, 
primary lateral sclerosis or progressive muscular atrophy (various types) 
are analyzed and classified on the basis of their chief clinical manifesta- 
tions, namely, lateral sclerosis, amyotrophy and muscular fascicular 
twitchings. 

The cases of amyotrophic lateral sclerosis were broken down into 
three chief types : the Charcot, or completely developed ; the atypical, and 
the incompletely developed. The large majority of the cases were of the 
first type. They were the typical cases and were characterized by well 
developed amyotrophy, muscular fasciculations and pyramidal tract signs. 
The second, or atypical, type included the so-called monoplegic, hemi- 
plegic, lumbar and proximal forms. Each of these terms refers primarily 
to the distribution of the amyotrophy, degeneration of the pyramidal tracts 
being essentially the same in all. In most of the cases of the atypical 
type the amyotrophy eventually developed in other extremities and the 
clinical picture became complete. 

The cases of incompletely developed amyotrophic lateral sclerosis 
were characterized by predominance of lateral sclerosis, amyotrophy or 
bulbar palsy. The patients with lateral sclerosis presented rapidly devel- 
oping pyramidal tract disease with urgency of urination and muscular 
fibrillations (but no atrophy). The patients with amyotrophy alone pre- 

50. Greenfield, J. G., and Carmichael, E. A.: The Peripheral Nerves in Cases 
of Subacute Combined Degeneration of Cord, Brain 58:483-491, 1935. 
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sented rapidly developing muscular atrophy with many muscular fibrilla- 
tions, and the patients with bulbar palsy showed little besides the bulbar 
amyotrophy. 

In cases of amyotrophic lateral sclerosis there appeared to be a close 
correlation of the number of muscular fibrillations and the speed of 
progress of the disease. It should be remembered, however, that the 
fibrillations may vary from time to time. Elevation of the cerebrospinal 
fluid proteins seemed to accompany severe amyotrophy, but did not 
necessarily indicate its rapid progression. Urgency of urination reflected 
rapid advancement of the pyramidal tract involvement. 

Degeneration of the pyramidal tracts was indicated first by hyper- 
refiexia in the legs and later in the arms, then by a Babinski sign and, 
finally, by absence of abdominal reflexes. Bulbar involvement was 
usually indicated by amyotrophy first of the muscles supplied by the 
twelfth cranial nerve, then of the muscles supplied by the ninth and tenth 
nerves and the lower part of the seventh nerve, and, finally, of the 
muscles innervated by the masticator division of the fifth nerve. Pains 
of varying character were common and were often an early symptom, but 
objective sensory changes were rarely observed. 

Primary lateral sclerosis and progressive muscular atrophy, both 
without muscular fibrillations, ran a course similar in many ways to that 
of amyotrophic lateral sclerosis, except that it was more slowly progres- 
sive. It is suggested that the patients with slowly progressive muscular 
atrophy without muscular fasciculations were suffering from an arrested 
or a slowly progressive type of amyotrophic lateral sclerosis, approxi- 
mately 10 per cent of the cases falling into this group. The reasons for 
and against this concept are presented, but the absence of suitable patho- 
logic data precludes settlement of the problem at present. Data are also 
presented which suggest that an occasional patient with the clinical 
picture of amyotrophic lateral sclerosis recovers. 

Miss Sadie Shapiro, of the Social Service Department of the Neurological 
Institute of New York, assisted in following up patients after discharge. 

Fifth General Hospital, United States Army, A. P. O. 1001, % Postmaster, 
New York. 

700 West One Hundred Sixty-Eighth Street. 



HISTOGENESIS OF THE EARLY LESIONS OF 
MULTIPLE SCLEROSIS 

I. SIGNIFICANCE OF VASCULAR CHANGES 

I. MARK SCHEINICER, M.D. 

CINaNNATI 

Putnam and his co-workers ^ were the first to assign a primary role 
to vascular lesions in the pathogenesis of multiple sclerosis. They suc- 
ceeded in producing patches of demyelination by the intravenous injec- 
tion of various substances (e. g., tetanus toxin). The likeness of such 
lesions to the foci of multiple sclerosis indicated the possibilit}'^ that the 
lesions of multiple sclerosis might be produced by a local circulatory 
disturbance, “apparently of the nature of an obstruction on the venous 
side.” Dow and Berglund - analyzed a large number of lesions of multiple 
sclerosis. They found thrombi only fifteen times in sixty-five blocks 
carefully examined. Marburg ® observed that “thrombosis occurs in acute 
•foci of multiple sclerosis more frequently than is generally assumed. . . . 
Yet, there are many foci in which blood vessels exhibit no changes in 
their walls and no venous obstruction.” 

The object of this paper is to present additional evidence in support 
of the primary role of vascular lesions in disseminated sclerosis. The 
majority of investigators have described the condition of the vessels 
in multiple sclerosis. Most attention has been given to older plaques, 
which must be considered as glial scar formations. It is worth while 

From the Laboratory of Neuropathology, Cincinnati General Hospital, and the 
University of Cincinnati College of Medicine. 

1. (a) Putnam, T. J. ; AfcKenna, J. B., and Morrison, L. R. : Studies in 

Multiple Sclerosis : The Histogenesis of Experimental Sclerotic Plaques and 
Their Relation to Multiple Sclerosis, J. A. M. A. 97:1591-1596 (Nov. 28) 1931. 
(b) Putnam, T. J. : The Pathogenesis of Multiple Sclerosis: A Possible Vascular 
Factor, New England J. Med. 209:786-790, 1933; (c) Evidence of Vascular Occlu- 
sion in Alultiple Sclerosis and “Encephalomyelitis,” Arch. Neurol. & Psychiat. 
37:1298-1321 (June) 1937. (d) Alexander, L., and Putnam, T. J. : Cerebral 

Lesions Due to Vascular Occlusion, ibid., to be published. 

2. Dow, R., and Berglund, G. : Vascular Pattern of Lesions of Multiple 
Sclerosis, Arch. Neurol. & Psychiat. 47:1-18 (Jan.) 1942. 

3. Marburg, O. : (a) Die sogenannte akute multiple Sklerose (Encephalo- 

myelitis periaxialis scleroticans), Jahrb. f. Psychiat. 27:213-312, 1906; (b) Studies 
in the Pathology and Pathogenesis of Multiple Sclerosis with Special Reference 
to Phlebothrombosis and Guiraud’s Bodies, J. Neuropath. & Exper. Neurol. 1 : 
3-13 (Jan.) 1942. 
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to emphasize that in these old lesions the tissue has become secondarily 
changed. On that account they will receive only passing mention 
here. A study of the first stages of plaque formation would appear to 
he of greater significance. 

MATERIAL AND METHOD 

Twenty cases of multiple sclerosis were studied at the neuropathologic laboratory 
of the Salpetriere.'^ In 15 cases the whole brain and spinal cord were available, 
in 5 cases the histologic study was limited to the brain. All cases studied were 
typical examples of multiple sclerosis from the clinical and pathologic points of 
view. Histologic examination by the Spielmeyer, Bielschowsky and Holzer methods 
confirmed in every instance the clinical diagnosis of multiple sclerosis. 

For the present study care was taken to reconstruct a picture of the first 
stages of plaque formation. In order to be able to trace the process from the 
beginning the histologic analysis was limited to lesions which were not visible 
to the naked eye. To obtain this material all gross lesions were avoided and 
sections were prepared from grossly intact areas. The centrum semiovale, boun- 
daries between the cortex and the white matter and the periventricular areas 
served as fixed points. Sections were stained by the Spielmeyer, Bielschowsky, 
Holzer, Cajal, Hortega, scarlet red and hematoxylin and eosin technics. For the 
demonstration of vascular changes Mallory’s connective tissue stain and phos- 
photungstic acid hematoxylin were used. 


RESULTS 

Changes in the Myelin Sheaths . — In all cases the loss of myelin was 
the cardinal feature of the histologic picture. There was an enormous 
variety in size, shape, demarcation and number of the demyelinated 
plaques. The usual type described in most textbooks as a more or less 
sharply circumscribed lesion entirely devoid of myelin was not observed 
frequently in my material. Such lesions existed in these cases, but they 
were common only among the older and larger plaques. Their analysis 
and description are of no interest for the present purpose and are there- 
fore omitted. In many cases areas of demyelination were observed in 
which the myelin was only partially altered. These areas represented the 
so-called myelin shadow plaques (Spielmeyer, Steiner) and were dis- 
tinguished from the completely demyelinated lesions by (a) their dark 
gray coloi, (&) the preservation of numerous beaded and thin myelin 
sheaths, (c) their irregular margins, imperceptibly fading out into the 
surrounding normal tissue, and (c?) their relatively small content of 
lipoid products (scarlet red). 

Ihe majoiity of the small areas of demyelination were perivascular. 
Their relation to the vascular system is illustrated in figure 1 A and B. 
Under low magnification these areas of perivascular demyelination 

Bertrand gave me permission to use this 
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appeared as light-staining circular or oval zones surrounding small veins 
and capillaries. Each lesion contained a blood vessel, which was usualty 
so oriented as to be central. In the majority of the lesions the central 
vessel could be identified as a small vein. The perivascular areas of 
demyelination revealed the following characteristic changes in the myelin 
sheaths : In the central part of the plaque the destruction of myelin was 
generally complete, practically no or very few fragments being discernible 
(fig. 1 z5). At the periphery a transitional zone was often observed, char- 
acterized by swelling, fragmentation and beading of the myelin sheaths. 
This zone, however, was sometimes very small or imperceptible, so 
that the transition between destroyed and normal myelin was rather 
abrupt, the demyelinated lesions being sharply defined. As a rule an 



Fig. 1. — A, an “early” perivascular plaque about an obstructed blood vessel; 
X 80. B, circular or oval zones of demyelination surrounding small blood vessels ; 
X 70. Spielmeyer myelin sheath stain. 


intermediate zone lay between the necrotic center and the marginal por- 
tion of the lesion, in which the myelin sheaths stained lightly and were 
often thin and beaded. 

Changes in the Axis-Cylinders . — Spielmeyer and Bielschowsky prep- 
arations were made of adjacent sections from the same block of tissue. 
In general it appeared that all plaques could be divided in three types : 
(1) those in which the axis-cylinders were completely destroyed and 
practically absent; (2) those in which the axis-cylinders were severely 
damaged and reduced in number, and, finally, (3) those in which the 
axis-cylinders were fairly well preserved or substantially intact. It 
appeared that tlie last type of lesion was the most common among the 
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small perivascular patches. In some of the plaques no definite diminution 
in number of axis-cylinders could be observed. Sometimes, howevei , 
in the center the axis-cylinders were fragmented and degenerated and 
slightly decreased in number, whereas in the periphery they appeared 
to be substantially intact. In general, it can be said that the destruction 
was less noticeable as one passed from the center to the periphery 
of the lesion. In many of the smallest perivascular plaques there was 
extreme tumefaction of the axis-cylinders. Presumably this axonal 
swelling represents one of the earliest changes, and one which may be 
reversible. 

Changes in the Glia . — In the majority of descriptions of the his- 
tologic changes in multiple sclerosis the early glial changes have not been 
stressed. They may, therefore, be described in detail. Three types of glial 
reaction were observed. There was pronounced rarefaction and a spongy 
appearance of the glial reticulum, with loss of affinity for the stain. In 
many small plaques the tissue contained numerous vacuoles, some of 
which harbored m3^elophages and gitter cells. Many of the plaques were 
traversed by preexistent glia fibers, which in some instances were torn 
by the distended vacuoles. Similar changes were first described by 
Redlich ° as a predominant feature of early plaque formation. Borst 
interpreted these changes as due to lymph stagnation (so-called Hyper- 
lyniphose). Steiner'^ described them as circwnfocale Areolierung and 
observed this type of glial change mostly in the tissues surrounding the 
plaques. In Cajal and Holzer preparations the neuroglia appeared 
degenerated in the central part of the lesion. At the periphery some 
degenerated astrocytes could be seen ; their cytoplasm was swollen and 
their dendrites were broken. In some lesions there was a slight increase 
of connective tissue, seemingly originating from the blood vessel walls. 

In some of the patches Hortega preparations revealed numerous 
microglia cells with the most bizarre nuclei, most of which were bean 
shaped or kidney shaped. At the periphery of the foci various phases 
of transformation of the microglia into compound granular cells could be 
observed. Some of the patches contained numerous gitter cells, which 
were associated with occasional gemastete cells and with many myelo- 
phages. Astrocytes were rarely observed and were usually present only 
in the marginal areas of the patches. In some regions gemastete cells 
attained enormous dimensions and appeared as monster cells. 

Glial fibrosis in the form of scars was only occasionally observed. 
In such areas in which the glial reaction was especially active prolifera- 

5. Rcdlich, E.: Ueber multiple Sclerosis, Deutsche Klin. 6:557-587, 1906. 

6. Rorst: Die multiple sklerose des Zentralnervensystems, Ergebn. d. allg. 
Path. u. path. Anat. 9:67-187, 1903-1904. 

7. Steiner, G. : Krankheitserreger und Gcwcbsbefund bei multipler Sklerose 
Berlin, Julius Springer, 1931. 
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tion of astrocytes ivas conspicuous. Comparison of this type of glial 
reaction with that described in older lesions showed no structural dif- 
ferences. A more detailed description of them is therefore omitted. 

Vascular Changes . — The relation of the vascular system to the lesions 
has been mentioned and is illustrated in figure 1. In about two thirds of 
all early lesions stained by the Spielmeyer method, the patches were in 
the form of circular or oval demyelinaled plaques which surrounded 
medium-sized veins or capillaries. Most of the blood vessels within the 



Fig. 2. — Marked dilatation, engorgement and stasis of the small blood vessels in 
a demyelinated area. Spielmej’er myelin sheath stain; X HO. 


lesions revealed marked dilatation and enormous engorgement with 
blood (fig. 1 A). In some of the larger lesions the vascular engorgement 
and stasis were especially striking (figs. 2 and 3 A and B). The small 
veins and capillaries were enormousl}'- distended and showed some 
tortuosity and beadlike dilatations. 

The presence of vascular occlusion and thrombus formation was 
not always easy to identify. Clots of agglutinated red blood cells were 
frequently observed. The individual red blood cells were usually fused 







SCHEINKER— MULTIPLE SCLEROSIS 


183 



Fig. 3. — A, perivascular loss of myelin sheaths ; complete filling of the central 
blood vessel with agglutinated platelets, fibrin and pigment. X 125. B, vascular 
engorgement and stasis of the small blood vessels in a larger area of demyelination. 
X 125. Spielmeyer myelin sheath stain. 
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together and formed an amorphous mass. In some areas the occlusive 
changes consisted of complete filling of the vascular channel with large 
masses of agglutinated platelets, broken-down blood corpuscles and a few 
strands of freshly formed fibrin and pigment (fig. ZA). More striking 
occlusive changes are illustrated in figure 4 A. They consisted of com- 
plete filling of the lumen of the blood vessel by a solid plug of aggluti- 
nated blood mixed with an unusually heavy deposit of strands of fibrin 
curved toward the vessel wall. Occasionally an early stage of organ- 
ization was associated with degenerative changes of the vessel wall 
(fig. 4B). In addition to these vascular changes, perivascular hemor- 



pjg, 4 , — completely occluded blood vessel in the central area of a demyelinated 
plaque, showing solid plug of agglutinated blood mixed with strands of fibrin 
adherent to the wall of the vessel. B, a blood vessel in the vicinity of a plaque 
completely occluded by a partly organized thrombus. Hematoxylin and Van Gieson 
stain; X 135. 


rhages and deposits of yellow pigment were often observed in the dis- 
tended perivascular spaces. 

Perivascular Infiltration and Infiammatory Phenomena . — In about 
one third of the cases perivascular accumulation of cells was observed. 
In some cases the majority of the perivascular cells could be identified 
as fat granule bodies. Others were rod cells. Further, proliferation of 
astrocytes within the perivascular tissue was fairly constant. Accumula- 
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tions of lymphocytes were seldom observed. There was a marked varia- 
tion in the content of lymphocytic infiltration not only from case to 
case but from lesion to lesion in the same case. 111 general, it appeared 
in this series of cases that lymphocytic infiltration was an infrequent 
occurrence. 

COMMENT 

This study has demonstrated rather strikingly the frequent associa- 
tion of the early lesions of multiple sclerosis and vascular disturbances. 
The latter consisted of thrombosis of small veins and dilatation, engorge- 
ment and stasis of the capillaries and veins. The great majority of 
small lesions have been observed to be oriented about small veins. The 
question inevitably arises why vascular disturbances, which can be 
considered as of fr,equent occurrence in small and recent plaques, are 
relatively infrequent in the large and older lesions. 

Two factors appear to be of importance: 1. In elongated lesions 
containing central veins the patches never tend to follow the entire course 
of the blood vessel.® In the great majority of instances only one cir- 
cumscribed area of the plaque is connected with the blood vessel. The 
foci usually envelop the central vein for a short and limited distance. 
As the lesion becomes larger the relation with the primar}'- blood vessel 
becomes less evident. The demyelinated area tends to progress diffusely 
into the nerve parenchyma in different directions independent of the 
distribution of the primary blood vessel. It is not surprising, therefore, 
that in many sections from a large lesion the primary blood vessel will 
not be found. 2. The presence or absence of vascular changes in lesions 
may depend on the duration of the morbid process. Alexander and 
Putnam suggested that thrombi of the small veins in the older lesions 
of multiple sclerosis may disappear without a trace. Certainly, in older 
sclerotic plaques it is more difficult to trace them than in the recent 
lesions. 

SUMMARY 

In 20 cases of multiple sclerosis the early stages of plaque formation 
and their relation to the vascular system were studied. A positive 
correlation was found between the early lesion and the presence of 
vascular abnormality. The view is expressed that vascular change, 
particulaidy occlusion by thrombosis, is an essential factor in the 
pathogenesis of demyelinated plaques. 

Cincinnati General Hospital. 

8. Putnam, T. J., and Adler, A.: Vascular Architecture of the Lesions of 
Multiple -Sclerosis, Arch. Neurol. & Psychiat. 38:1-15 (July) 1937. 



EFFECT ON THE ELECTROENCEPHALOGRAM OF 
CHANGING THE BLOOD SUGAR LEVEL 


PAULINE A. DAVIS, M.A.t 

CAMBRIDGE, MASS. 

In 1939-1940 electroeiicephalographic observations and determina- 
tions of the blood sugar were made on a group of 43 college under- 
graduates under standardized conditions. An attempt was made to 
relate the range of blood sugar levels to the t3'pe of the electroencephalo- 
graphic pattern (Davis ^), the alpha frequency and the normality rating 
of the electroencephalogi'am. No correlation was found. An attempt 
was also made to relate the electroeiicephalographic pattern to the 
responses of the electroencephalogram during three minutes of hyper- 
ventilation. The low voltage, fast frequency types of electroencephalo- 
grams (beta or mixed fast patterns appeared to be more resistant 
to change than the alpha or mixed slow types. Aside from this, there 
were no consistent observations. It appears that the fasting blood 
sugar level of a subject has no consistent relation to the electroen- 
cephalogram. 

In 1940-1941 electroeiicephalographic observations were made on 40 
healthy college students simultaneously with an “insulin tolerance test.” " 
The study of the electroeiicephalographic pattern with a varying blood 
sugar level is the basis of the present paper. 

METHOD 

A routine electroencephalogram was recorded for one-half hour between 8 and 
9 a. m., while the subject was in a fasting condition; i. e., he had not had food 
for the previous twelve hours. The routine electroencephalogram included simul- 
taneous records from both sides of the head and the midline of the frontal, the 
precentral and the occipital region.^ If asymmetry between the two sides of the 
head was found, the more normal side was chosen for continuous recording later 
in the procedure. Insulin (0.05 unit per kilogram of body weight of insulin 

fMrs. Davis died on July 11, 1942. 

This work was aided by a grant from the Josiah Macy Jr. Foundation. 
Through the Grant Study of Harvard University, Dr. Clark Heath and Dr. John 
Thompson collaborated in the blood sugar determinations. 

1. Davis, P. A.: Technique and Evaluation of the Electroencephalogram, 
J. Neurophysiol. 4:92, 1941. 

2. Csepai, K,, and Ernst, Z. : Insulin Susceptibility of the Human Bod^', 
Orvosi hetil. 71:1497, 1927. de Takats, G.; Fenn, G. K., and Trump, R. A.: 
Splanchnic Nerve Section in Juvenile Diabetes, Ann. Int. Med. 7:1201, 1934. 
Bauer, J., and Mongino, J. : Ueber den Schwellenwert des Insulins, Ztschr. f. 
klin. Med. 121:476, 1932. 
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containing 40 units per cubic centimeter) was then injected intravenously, and 
from this time for one hour a continuous electroencephalogram and record of the 
pulse rate were made while the subject was lying comfortably relaxed on a bed 
with his eyes closed. Between forty-five and fifty minutes after injection of the 
insulin, 50 cc. of Karo corn syrup (Red Label) in an approximately equal amount 
of water was given the subject by mouth. Blood, for measurements of the blood 
sugar,3 -^vas taken from the finger at two, twenty, twenty-five, thirty, thirty-five 
and forty-five minutes after the injection of insulin and fifteen minutes after the 
corn syrup was given. Blood pressure readings were made at approximately five 
minute intervals. Between fifteen and twenty minutes after the corn syrup was 
given, when the blood sugar usually approximates its original level, the subject’s 
response to hyperventilation for three minutes was recorded electroencepha- 
lographically. 

RESULTS 

Forty-three observations were carried out on 40 healthy college 
students, whose ages ranged from 17 to 23 years, with 3 subjects 
repeating the experiment under the same conditions. 

Table 1. — Range in Pulse Rates 


Beats per Jlinute 


Average pulse rate before injection of insulin 38-76 

Highest pulse rate 6i-lC0 

Pulse rate at 45 minutes 52-83 

Pulse rate 15 minutes after ingestion of Karo com syrup, approxi- 
mately 1 hour after insulin 51-78 

Acceleration 3-42 

Deceleration from peak to 45 minutes 0-39 

Deceleration from peak to 1 hour 3.33 

Change: Deceleration (27 observations) O -14 

Acceleration (14 observations) 0-lC 


Blood Siigar . — ^The fasting blood sugar level varied from 92 to 
129 mg. per hundred cubic centimeters. The lowest level, which was 
reached usually between twenty- five and thirty minutes after injection 
of insulin, varied from 53 to 85 mg. per hundred cubic centimeters. The 
blood sugar approached the fasting level at forty-five minutes and 
reached or exceeded it fifteen minutes after the corn syrup had been 
taken (76 to 126 mg. per hundred cubic centimeters). 

Pulse Rate. ^Table 1 gives the range of the pulse rates for these 
subjects. Changes in pulse rate were not correlated with changes in 
the electioencephalogram. There was a notable variability of pulse rate 
befoie and after the blood sugar level changed. The most rapid change 
in pulse rate occurred during the first minute of Ityperventilation, while 
the electroencephalogram was still stable. 

Blood Pressure . — Changes in blood pressure occurred, but they 
could not be correlated with electroencephalographic changes. 

3. Folin, O., and Malmros, H. : An Improved Form of Folin’s Micro Alethod 
for Blood Sugar Determinations, J. Biol. Chem. 83:115, 1929. 
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Electroencephalogram . — The electi'oencephalogram showed a slight 
shift toward the slow end of the frequency spectrum and increasing 
instability as the blood sugar level decreased. The transition occurring 
in response to insulin started as early as ten minutes, but usually not 

E.E.G. Changes with Fall in Blood Sugar 


Post insulin MowoPOLAB.ntr. r.»B 

I0'(BL sugar 90 mg per 100 Cc.) 

NO CHANGE FROM CONTROL 


26*(BL sugar 66 mg PERIOOCc.) 

— y/'‘^'Vv^Y'V\A/VVV^ 


36' (BL SUGAR 70 MG PER lOOCc.) 


R.F. 




42' (BL SUGAR 74 MG PER 100 Cc.) 

R-f- 


45‘ (BL SUGAR 77 MG PER 100 Cc.) JsO/lV 

Rf- 


Fig. 1. — Typical electroencephalographic changes occurring with alterations in 
the level of blood sugar. 


until twenty minutes after injection of the drug. The alpha activity 
became irregular and the per cent time alpha decreased as 8 per second 
or other slow waves appeared (fig. 1). The precentral record showed 
this change more clearly, although the base line of the simultaneous 
frontal record became unstable before the 8 per second waves were 
clearly developed. 
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From the thirtieth to the forty-fifth minute in most instances, long 
slow swings began emerging in the frontal record, usually obscuring the 
4 to 8 per second activity (fig. 1). These slow swings were of from two 
to as long as five seconds’ duration (fig. 2). Ultimately they gradually 
lengthened out until the base line became steady once more. Capacity- 
coupled amplifiers were employed, so that one could not be sure whether 
the stabilization was due to cessation of the slow swings or merely to 
their becoming so slow that they were no longer recorded by the 
amplifier. The consistency of the appearance of the slow swings made 
it possible to study their relationship to other factors. Although they 



Fig. 2. — Slow swings occurring with alterations in the blood sugar level thirty 
to forty minutes after insulin and the control for eye movements. Eye move- 
ments, registered in the second line of the control sample, produced swings in the 
frontal record that were of less amplitude and much quicker than the “slow 
swings” shown in the first two samples. For recording of the pulse rate (second 
and third samples), one grid of the third amplifier was connected to a potenti- 
ometer placed between the electrode from the right ear and an electrode on the 
wrist. The other grid of this amplifier was connected to an occipital electrode, so 
that the occipital electroencephalogram and the electrocardiogram appear simul- 
taneously in the record. 


appeared most frequently from the frontal lead, they occasionally 
appeared from the occipital lead, while the record from the precentral 
lead was usually stable (fig. 2). These slow swings are similar to 
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those found by Lovell, Czarski and Lyman ^ in experiments on the 
responses to stimulation of the vestibular mechanisms. These authors 
proved that the slow swings originated in the skin and were related to 
disturbances in the autonomic nervous system, as indicated by sweating, 
pallor and changes in respiration. It is worthy of note that these slow 
swings in the electroencephalographic record in the frontal and occa- 
sionally in the occipital region have been associated with disturbances 
of the autonomic nervous system, and yet that they have been pro- 
duced by stimulation of the vestibular mechanisms and also by lowering 
the blood sugar level by means of injections of insulin. Probably in my 
subjects the autonomic nervous system was also involved, since the 
pulse rate generally increases as the blood sugar level reaches its mini- 
mum, and my subjects usually showed mild sweating and pallor. 

By the fort)'^-fifth minute these slow swings usually disappeared 
(fig. 1). In a few subjects hyperventilation caused reappearance of 
these swings for a short time. In 1 subject, who went into partial 
syncope seven minutes after injection of insulin, all three areas showed 
these swings. His blood pressure, which had been 104 mm. of mercury 
systolic and 74 mm. diastolic before insulin was given, fell to 75 mm. 
systolic and 45 mm. diastolic at the onset of the partial syncope and 
was 88 mm. s)’’Stolic and 65 mm. diastolic three minutes later. There- 
after his blood pressure remained stable between 92 mm. systolic and 
56 mm. diastolic and 104 mm. systolic and 60 mm. diastolic during the 
remainder of the experiment, while the long swings reappeared and 
remained from the twenty-fifth through the fifty-sixth minute. The 
experiment was repeated with this subject, but the swings did not 
appear. As electrodes were being put on before the second test, he 
volunteered the information that he had been inwardly a bit panick}'- 
and uncertain about what to expect in the first experiment. 

In another subject, these swings appeared thirty-two minutes after 
injection of insulin in each of 2 experiments. The swings in the frontal 
record were found to be independent of the changes recorded from an 
eye lead placed just under and against the eyebrow (fig. 2). Adminis- 
tration of 100 per cent oxygen for approximately five minutes had no 
apparent effect on these swings. 

The electroencephalogram usuall}'^ remained unstable for from ten 
to twenty minutes after the level of blood sugar began to rise. The 
4 to 8 per second waves became irregular as low voltage, 16 to 20 per 
second waves occasionally appeared. After this the electroencephalogi'am 
gradually resumed its previous character with the return of alpha activity 

4. Lovell, H. W. ; Czarski, T. J., and Lyman, R. S. : The Effect of Vestibular 
Stimulation on Brain Waves, Chinese J. Physiol. 14:389, 1939. 
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(fig. 1). In all subjects the electroencephalogram was unstable when 
the lowest point in the blood sugar curve was reached. In some the 
irregular slow waves increased in voltage and developed into clear 
“episodes” (fig. 3), which continued to reappear even as long as twenty 
minutes after the administration of corn syrup. 

Hyperventilation for three minutes was carried out after the blood 
sugar had returned to its normal level. A preliminary demonstration 
and explanation of hyperventilation were always given. The rate and 
depth of breathing for each subject were such that he could maintain 



Fig. 3. — Organization of latent dysrhythmia into definite 6 cycle episodes as a 
result of altering the blood sugar level. 


a stead)'- pace at approximately his maximal capacity, with no delay 
between breaths. In this way an attempt was made to allow for indi- 
vidual differences in respiration by having the subject regulate his own 
breathing in meeting the requirements of the procedure. 

The amount of alteration in the electroencephalogram following the 
injection of insulin and also on hyperventilation was rather clearly 
related to the character of the routine electroencephalogram. In gen- 
eral the subjects whose preinsulin records showed indications of slow 
dysrhythmic activity were the ones in whose records the most dys- 
rhythmia appeared after insulin and the clearest “episodes” of slow waves 
developed. The records that were initially the most stable and regular. 
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or revealed faster than average alpha waves, and were freest from slow 
waves showed the least change after insulin or during hyperventilation. 

All of the routine records were typed — alpha (A), beta (B), mixed 
fast (MF), mixed (M) and mixed slow (MS ) — and rated for “nor- 


Table 2. — Classificalion of and Data on Electroencephalograms of Forty 

Healthy Subjects'^- 



Relative Prominence of Slow Waves 

Lowest 




Elec- 






Blood Sugar 

Type of 



troon- 



After 

lyCVCl, 

Electro- 



cephalo- 


After 

Hyper- 

Mg. per 

enccphalo- 

Alpha 

“Normality 

gram No. 

Routine 

Insulin 

ventilation 

300 Ce. 

gram 

Frequency 

Rating” 

300 

+ + + 

-(--f-f 

-l-i-f 

7G 

M 

10 

4 

303 


4-4-4- 

+ + + 

71 

M 

10.5 

4 

317 


-i-4-4- 

+ + 

69 

M 

10-f 

4 

325 

-f- + -i- 

-f- 4- 

4- 

62 

MS 

8-10 

4 

ifOii 

++ 

•4-4-4- 

4-4-4- 

59 

MS 

9 

4 

301 



-h-f 

71 

M 

10 

S+ 

324t 

-f-i- 


4- 

60 

M 

9.5-10 

3+ 

338 

-f-i- 

-f*4- 

— 

77 

M 

10-11 

4 

343 

-f-i- 

++ 

— 

76 

B 

11 

3 

311 

+ 4- 

— 

-i-{- 

05 

M 

10 

3+ 

350 

+-1- 

— 

— 

02 

B 

10-11 

3-4- 

32Gt 

4- 

4- 4- 4- 

+-h-i- 

68 

A 

9-9.5 

2+ 

302 

+ 


— 

74 

A 

9-10 

3+ 

272 

4~ 

-^-4- 

■f-i- 

53 

A 

9-10 

3 

275 

-1- 

4-4- 


57 

MF 

11 

3 

349 


4“ 

4-4- 

69 

MS 

9-10 

3 

347 

+ 

+ 

— 

81 

MS 

9.5-10 

3-f- 

348 

4* 



70 

B 

10 — 

3 

305t 

-1- 

+ 


72 

A 

10 

3 

346 

+ 

-1- 


67 

MS 

10 

2-f 

342 

+ 

— 

•f 

85 

MS 

10 

2-t- 

341 

— 

++ 


77 

MS 

9.5-10 

S-i- 

310 

— 

+ 


02 

M 

11 

2-f 

33li 

— 

H- 



MF 

11-12 

2-i- 

329 

— 

+ 

— 

67 

A 

10 

2-^ 

315 

— 

— 

4-i- 

02 

M 

10 

3 

337 



•f 

74 

M 

9-10 

3-1- 

345 

— 

— 

-f- 

71 

M 

9-9.5 

3 

304 

— 

— 

-4- 

68 

A 

11 

2-t- 

314 

— 

— 

4- 

62 

A 

10 

2-f 

344 

— 

— 

-f 

76 

MF 

10-11 

O 

335 

— 

— 

— 

67 

A 

10 

34- 

334 

— 

— 


62 

MF 

11 

34" 

309 

— 

• 

— 

66 

A 

10 

2-t- 

333 

— 

— 

— 

69 

A 

10 — 

2-f- 

323 


— 

— 

55 

MF 

10-11 

2-f 

340 

— 


— 

57 

MF 

11 

2-f 

332 

— 

— 

— 

72 

MF 

10-11 

2-f 

328 


— 

— 

63 

MF 

10-10.5 

2 

331 

— 



05 

A 

9.5-10 

O 


* The prominence of slow waves was judged on a relative scale (+++, ++, + and — ) for 
each test separately, although the absolute voltage and prominence of slow waves were much 
greater under the influence of insulin and hypciwentilation than in the routine record. Tor 
full definition of types of electroencephalograms see Pavis.^ A Indicates regular alpha pattern; 
M mixed pattern, with alpha activity plus faster and slower waves: MT, mi.ved fast pattern, 
with alpha activity and faster waves; MS, mixed slow pattern, with alpha activity and slower 
waves, and B, low voltage (beta) pattern. The ‘‘normaiity rating” scale extends from 1 (most 
regular and normal) to 5 (abnormal dysrhythmia), 
t These records are illustrated in figures 1. 2 and 3. 


mality” (1, 2, 3, 4 and 5) according to the criteria described elsewhere.^ 
They were also examined specifically for the presence of slow waves, 
either as definite episodes or as diffuse dysrhythmia. They were then 
judged independently (by Mrs. S. R. Blake) for the prominence of 
slow waves appearing after insulin and during hyperventilation. In 
table 2 the data are arranged in groups in order of diminishing promi- 
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nence of slow waves in the routine records and, within each group, 
according to the reaction to insulin and to hyperventilation. The general 
correspondence (and also the occasional divergences) in rating according 
to the various criteria are evident. 


COMMENT 

It seems clear that neither insulin nor hyperventilation induces d3^s- 
rhythmia equally in all electroencephalographic records. Both the fall 
in blood sugar and the hyperventilation apparently accentuate pre- 
existing dysrhythmic tendencies and make them more evident to casual 
inspection. Davis and Wallace ° pointed out the synergistic action of 
a low blood sugar level and of hyperventilation in producing slow waves 
and the stabilizing effect of a high blood sugar level in the presence of 
hyperventilation. The present observations further emphasize the close 
relationship of the electroencephalographic reactions to low blood sugar 
and to hyperventilation, and also the dependence of both reactions on 
individual differences revealed b)’- careful examination of the routine 
electroencephalogram. 

The relation of the electroencephalographic changes during hyper- 
ventilation to the type of the electroencephalogram is particularly clear 
(table 2). None of the 3 subjects with records of the low voltage 
(beta) type and onl}’’ 1 of the 8 subjects with tracings of the mixed 
fast t)'pe showed clear, slow waves, while nearly all with the mixed 
and mixed slow types showed them more or less prominently. The 
subjects with alpha patterns formed an intermediate group, of whom 
some did and some did not show positive reactions. My (unpublished) 
observations on an earlier (1939-1940) group of students showed this 
same stability of the beta and the mixed fast type during hyperventila- 
tion. In still another set of experiments (unpublished), carried out in 
collaboration with Dr. A. Graybiel, in which the rate of breathing was 
set for all subjects and the tidal volume measured and controlled on 
the basis of body weight, the results were the same. 

Both the insulin test and the voluntary hyperventilation apparently 
serve to accentuate characteristics that are present, but less clearly evi- 
dent, in the routine electroencephalogram. The alteration of the blood 
sugar level, although more time consuming, has the advantage that it 
does not require the intelligent, active cooperation of the subject and 
may therefore be applicable in certain cases in which the subject is unco- 
operative or unintelligent and the hyperventilation test is unsatisfactory 
or impractical. 

S. Davis, H., and Wallace, W. : Factors Affecting Changes Produced in 
Electroencephalogram by Standardized Hyperventilation, Arch. Neurol. & Psychiat. 
47:606 (April) 1942. 
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All the subjects for these tests were normal healthy college sudents. 
It would be of interest to determine the effect of the insulin -test on the 
electroencephalograms of abnormal subjects, particularly of known 
epileptic patients. 

SUMMARY 

Electroencephalograms were recorded on 40 healthy college students 
(c) during a routine rest period, {b) for forty-live minutes after intra- 
venous injection of insulin (0.05 unit per kilogram of insulin containing 
40 units per cubic centimeter), (c) for fifteen minutes thereafter after 
oral ingestion of 50 cc. of Karo corn syrup and, finan}^ (^/) for three 
minutes of voluntaiy hyperventilation. The blood sugar level, the pulse 
rate and the blood pressure were determined systematically. 

No consistent relation appeared between the electroencephalographic 
changes and the pulse rate or the blood pressure. 

As the blood sugar level fell (to a minimum of 53 to 85 mg. per 
hundred cubic centimeters), the normal alpha activity of the electro- 
encephalogram was increasingly replaced by slower waves, chiefly in 
the 6 to 8 cycle range. The electroencephalogram returned to normal 
with the restoration of the blood sugar level, but electroencephalographic 
changes lagged ten minutes or more behind the changes in the blood 
sugar. 

“Slow swings,” of two to five seconds’ duration, often appeared in 
the frontal record during the height of the insulin reaction. These 
potential changes apparently originate in the skin of the forehead. 

The appearance of conspicuous electroencephalographic changes 
during the insulin test correlates fairly closely with the appearance of 
prominent slow -waves during hyperventilation and with the presence of 
(much less prominent) slow waves in the routine electroencephalogram. 
Marked electroencephalographic changes during both tests were common 
in the mixed and the mixed slow type of electroencephalogram, less 
common in the regular alpha type and rare in the low voltage and the 
mixed fast types. 

The relative advantages of the insulin and the hyperventilation test 
for revealing latent electroencephalographic characteristics are considered. 
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Recent investigations on carbohydrate metabolism for use in diag- 
nosis of endocrinopathies ^ have provoked interest in their possible 
application to the problem of schizophrenia. Horvath and Friedman “ 
reported that after the intravenous administration of insulin schizophrenic 
patients showed a delay in the hypoglycemic effect and the subsequent 
recovery as compared with normal subjects. Meduna, Gerty and Urse ® 
found an anti-insulin factor to be present in the blood of schizophrenic 
patients which was specific for that psychosis. Gellhorn, Feldman and 
Allen ^ using the hypophysectomized-adrenomedullated rat as an assay 
object, obtained results somewhat contrary to those noted by these 
authors. The latter stated that there was no difference in the insulin con- 
tent of the blood of normal and of psychotic subjects, in a quiet state. 
Under the stress of excitement, however, the blood insulin of psychotic 
(including schizophrenic) patients so increased as to have a hypo- 
glycemic effect, a phenomenon which was never seen in excited normal 
subjects. 


From the Memorial Foundation for Neuro-Endocrine Research and the 
Research Service of the Worcester State Hospital. 

1. Fraser, R. ; Albright, F., and Smith, P. H. : The Value of the Glucose 
Tolerance Test, the Insulin Tolerance Test, and the Glucose-Insulin Tolerance 
Test in the Diagnosis of Endocrinologic Disorders of Glucose Metabolism, J. Clin. 
Endocrinol. 4:297, 1941. 

2. Horvath, S. M., and Friedman, E.; The Effects of Large Doses of Intra- 
venous Insulin in Psychotic Nondiabetic Patients, J. Clin. Endocrinol. 1:960, 1941. 

3. Meduna, L. J. ; Gerty, F. J., and Urse, V. G. : Biochemical Disturbances 
in Mental Disorders ; I. Anti-Insulin Effect of Blood in Cases of Schizophrenia, 
Arch. Neurol. & Psychiat. 47:38 (Jan.) 1942. 

4. Gellhorn, E. ; Feldman, J., and Allen, A.; Effect of Emotional Excitement 
on the Insulin Content of the Blood: Contribution to Physiology of Psychoses, 
Arch. Neurol. & Psychiat. 47:234 (Feb.) 1942. 


195 



196 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

The present stud)^ was designed to investigate the glycemic and 
cardiovascular effects of insulin and epinephrine with the technics 
suggested by Fraser, Albright and Smithd It was carried out on 32 male 
schizophrenic patients with no evidence of physical disease and on 20 
normal men. 

All subjects were studied in a fasting state, reclining quietty in bed 
throughout the period of the test. After a preliminary venipuncture for 
determination of the fasting blood sugar, insulin was injected intra- 
venously in amounts of 0.1 unit per kilogram of body weight. The blood 
sugar was then determined at half-hour intervals for the next two hours. 
Immediately subsequent to the last venipuncture, epinephrine hydro- 
chloride (1 : 1,000) was injected intramuscularly in amounts of 0.01 cc. 
per kilogram of body weight. Samples of blood were again taken thirty 
and sixty minutes later. Before each A'^enipuncture the blood pressure 
and the pulse rate Avere measured to determine the possible effects of 
the substances on the autonomic nerA^ous system. The patients and 
half of the normal subjects lived on the routine hospital diet, AA'hich 
AA'as rather high in carbohydrate. The other 10 normal subjects Iwed 
outside the hospital and may have had a someAAFat different diet. All 
blood sugars were measured by a single person, the Folin-Wu technic 
(alkaline tartrate colorimetric method) being used. 

The ages of the patients ranged from 15 to 46 years, the average 
being 30 years. They had been confined to the hospital from four days 
to fifteen years at the time of the test, the mean period being four years. 
Nineteen subjects had been hospitalized for less than one year. The 
diagnoses included all the recognized subtypes of schizophrenia. The 
normal subjects were someAvhat younger than the patients, their ages 
ranging from 17 to 31 years, Avith an average of 24 years. This differ- 
ence in age between the two groups, hoAvever, is of no importance 
from the physiologic point of vieAV. 

The mean values for the blood sugars obtained during the study 
are shoAvn in table 1. The control figures were essentially the same for 
the two groups, the difference of 3 mg. being insignificant. A half-hour 
after the injection of insulin the mean for the normal subjects decreased 
to a level of 29.6 mg. per hundred cubic centimeters, Avhile the cor- 
responding value for the patients was 39.2 mg. per hundred cubic centi- 
meters.® One hour after the injection the mean values Avere 61.1 mg. 
for the normal subjects and 63.6 mg. for the patients. The difference 

5. For another group of 17 schizophrenic patients whose blood sugars Avere 
measured by a different technician (Miss Anne Walsh), the mean value thirty 
minutes after injection of insulin was 51.3 mg. per hundred cubic centimeters, a 
result which corroborates to an even greater degree the differences already cited. 
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between the two groups had been reduced from 9.6 mg., in the previous 
reading, to 2.5 mg. This seems to indicate that the phase of recovery 
from the hypoglycemic level was more active in the normal subjects. 
During the next hour the values for the two groups were essentially 
similar. Up to this point, then, the trend indicates a greater resistance 
to insulin, and possibly a less rapid recovery from the hypoglycemic 
phase, of the patients. As the recovery from the hypoglycemia is pre- 
sumabty due, at least in part, to endogenous adrenomedullary activity,® 
with subsequent mobilization of sugar into the blood stream, this obser- 
vation is of interest as compared with the results obtained after epineph- 
rine was injected. The levels of blood sugar two hours after the 
injection of insulin, although not quite back to the original values, were 


Table 1. — Means of Values for Blood Sugar, Blood Pressure and Pulse Rate 
of Tzventy Normal and Thirty-Tzvo Schisophrenic Subjects Obtained 
During the Course of Insulin and Epinephrine Tolerance Tests 


After Insulin 


After 

Epinephrine 


Fasting 

Blood sugar (mg. per 100 cc.) 

Normal 87.1 

Schizophrenic patients 90.1 

Systolic blood pressure (mm. of mercury) 

Normal 119,7 

Schizophrenic patients 109.2 

Diastolic blood pressure (mm. of mercury) 

Normal 70.6 

Schizophrenic patients 74.0 

Pulse rate (beats per minute) 

Normal 72.0 

Schizophrenic patients 09.2 


0.5 Hr. 

IHr. 

1.6 Hr. 

2 Hr. 

0.5 Hr. 

IHr. 

29.0 

61.1 

75.3 

79.0 

105,7 

132.3 

39.2 

63.6 

73.1 

78.8 

101.3 

118.8 

124.6 

117.1 

111.1 

110.9 

130.7 

130.7 

114.8 

10S.9 

107.1 

103.5 

115.6 

115.5 

70.0 

67.2 

69.9 

70.0 

6S.S 

67.6 

68.6 

65.5 

67.4 

06.9 

65.8 

66.2 

83.8 

09.5 

60.5 

65.3 

72.1 

70.6 

72.8 

73.5 

69.7 

69.1 

70.3 

77.8 


used as control figures for the epinephrine tolerance test. These read- 
ings were similar for the two groups ; so it may be considered that they 
started at the same base line, A half-hour after the injection of epineph- 
rine the mean for the normal subjects had risen 26.1 mg., and in one 
hour 52.7 mg. per hundred cubic centimeters. The corresponding 
increases in blood sugar for the patients were 22.5 and 40.0 mg. per 
hundred cubic centimeters. The response to exogenous epinephrine 
was definitely less in the patients ; this seems to corroborate the previous 
observation of a probable lessened reactivity to endogenous adrenal 
activity. 

The results discussed heretofore have been limited only to trends 
and give little indication of the individual changes. These are shown 

6. Cannon, W. B.; The Wisdom of the Body, New York, W. W. Norton & 
Company, Inc., 1932, p. 113. 
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in figure 1. Each level of the blood sugar at a given time in the pro- 
cedure is represented by a black dot (for patients) or by an open 
circle (for normal subjects). The fasting levels show a similar dis- 
tribution for the two groups of subjects, except in the case of 2 patients 
whose blood sugars were 1 19 and 127 mg. per hundred cubic centimeters. 
At the half-hour point, however, there is a distinct difiference. The 20 
normal subjects are grouped compactly between the levels of 19 and 



Fig. 1. — Frequency distributions of individual values for blood sugar obtained 
during the course of insulin and epinephrine tolerance tests on 32 male schizo- 
phrenic subjects (black dots) and 20 normal men (open circles). 

41 mg. per hundred cubic centimeters. Within this range are found 
the values for 19 of the patients, or 59 per cent of the total number. 
The other 13 patients had blood sugar levels that were higher than 
any of the normal subjects, up to 80 mg. per hundred cubic centimeters. 
At the next reading, a half-hour later, the values for the normal subjects 
were again essentially at the same IcA^els as those for the patients, which 
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indicates their seemingly more rapid recovery. During the next hour 
the values for the two groups continued to show a similarity of dis- 
tribution. It should be noted that after the administration of insulin 
the range of values was slightly increased in comparison with the fasting 
levels, except at the thirty minute period in the case of the normal 
subjects. This means that in the hypoglycemic phase the normal sub- 
jects reacted to the acute effects of insulin much more homogeneously 
as a group than did the schizophrenic patients, but that in the stage 
of recovery the subjects in the two groups differed more widely from 
each other than during the control period. 

After the administration of epinephrine the levels of blood sugar 
scatter widel}’', much more so than after the injection of insulin. This may 
be due to the fact that intramuscular injection affords many more pos- 
sibilities for individual differentiation on account of the variation in 
blood supply than does the intravenous route. Another possibility may 
be that a downward trend of the blood sugar level is more limited, 
physiologicall}' than an upward trend. The distributions for the two 
groups show great similarity to each other, however. It is only in the 
second half-hour that the normal subjects show a trend to higher levels 
than do the patients. This is primarily due to the fact that the blood 
sugar level for man}' of the patients remained the same, or even 
decreased, in the second half-hour after the injection of epinephrine. 
In the case of the normal subjects there were no decreases during this 
time. It would seem, then, that the normal subjects tended to have 
a more sustained effect in this regard than did the patients. 

As has been seen, the response of the blood sugar to insulin can 
be divided into two phases : the initial decrease, which is an index 
to insulin sensitivity, and the secondary rise, which shows the respon- 
siveness to hypoglycemia. Forty-one per cent of the patients showed 
greater resistiveness to insulin than did any of the normal subjects. The 
recovery phase would seem, also, to be more sluggish than normal, as 
indicated by values in table 1 and figure 1. The evidence in the 
literature on the latter point is conflicting. Horvath and Friedman - 
stated that schizophrenic patients are less reactive in this respect. 
Meduna, Gerty and Urse ^ found that serum from schizophrenic patients 
shows an insulin-inactivating effect over a longer period than does normal 
serum. We have endeavored to clarify this point by determining the 
relationship between the blood sugar levels at the thirty minute period, 
that of maximum hypoglycemia, and the changes in blood sugar in the 
next thirty minutes, at which time there is the greatest degree of 
recovery. The results are seen in the scatter diagram in figure 2. 
There is a negative correlation between the thirty minute values and 
the changes in the next half-hour, which indicates that the more intense 
the hypoglycemia the greater the rebound from it. For example, a 
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blood sugar, level of 20 mg. per hundred cubic centimeters will increase 
40 mg. per hundred cubic centimeters in the next thirty minutes, while 
the corresponding change for a blood sugar reading of 60 mg. will be 
only 0 to 5 mg. per hundred cubic centimeters. Thus, the change is 
dependent on the hypoglycemic level. Since the schizophrenic patients, 
whose blood sugars lay within the normal range, showed the same 
increase as did the nonpsychotic subjects, it may be concluded that 
the recovery from hypoglycemia was adequate in the patients and that 
their apparent sluggishness was due solely to the fact that the blood 
sugar level of some of the psychotic subjects was not low enough to 
activate the blood sugar-raising mechanisms. 

The cardiovascular reactions following the administration of insulin 
and epinephrine are shown in table 1. The characteristic changes with 


Mg./looCc. 



Fig. 2. — Scatter diagram illustrating the relationship between the blood sugar 
values obtained thirty minutes after the injection of insulin and the change from 
such levels in the subsequent thirty minutes, as observed in 32 male schizophrenic 
subjects (black dots) and 20 normal men (open circles). 


insulin were an increase in systolic pressure, a decrease in diastolic 
pressure and an increase in pulse rate. The greatest changes were 
usually seen at the period of maximum hypoglycemia. Subsequently, 
there was a resumption to or below the control level, which may have 
been due to the prolonged rest in bed. Epinephrine resulted in a similar 
picture. There was a tendency to a greater degree of reactivity in the 
normal subjects. After insulin they showed an average increase in 
pulse rate of 12 beats per minute, as compared with 4 beats per minute 
for the patients. After injection of epinephrine their systolic blood 
pressure increased 20 mm. of mercury and their pulse rate 12 beats 
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per minute, as compared with a corresponding change of 12 mm. of 
mercury and 9 beats per minute for the psychotic group. 

While this greater reactivity of the normal subjects in the blood 
pressure and the pulse rate parallels the greater changes in blood 
sugar, there is no relationship between the cardiovascular and gly- 
cemic variations within the individual subject. There may undoubtedly 
be a common factor, but it is not apparent on a simple basis. In addition, 
the reactions after insulin show no correlations with those after epineph- 
rine in blood sugar content blood pressure or pulse rate, so that the role 
of the adrenomedullary secretion in the insulin reaction cannot be a 
dominant one. 

The hypoglycemic reaction to insulin showed no relationship to age, 
duration of hospitalization or subt3^pe of psychosis. 

Table 2. — Means of Values for Blood Sugar Obtained in the Course of Two 

Insulin and Epinephrine Tolerance Tests on Nine Schizophrenic Subjects, 
zcith Average Differences Between Readings Taken at Similar Times 


After 

After Insulin Epinephrine 



Fasting 

0.5 Hr. 

IHr. 

1.5 Hr. 

2 Hr. 

0.6 Hr. 

IHr. 

Mean values on first tost 

(mg. per 100 cc.) 

SC.l 

41.7 

C5.1 

7G.4 

82.3 

111.9 

119.7 

Mean values on second tost 

(mg. per 100 cc.) 

S5.7 

40.2 

C0.8 

76.0 

77.1 

99.6 

V 

108.1 

Average individual differences... 
(mg. per 100 cc.) 

7.8 

4.8 

10.4 

15.9 

7.7 

24.6 

22.9 


The subjective reactions to insulin are of some interest. The charac- 
teristic symptoms during the hypoglycemic phase included a varying 
degree of fatigue and drowsiness, slight blurring of vision, sweating, 
tachycardia and hunger. No subject lapsed into unconsciousness despite 
the low levels of blood sugar. There was a good deal of individual 
variation in symptoms. When they were pronounced, the blood sugar 
v/as always low. However, in some subjects with low values after 
insulin few signs were evident. Thus, the relationship between the 
blood sugar level and these attendant phenomena was not great. 

In order to evaluate the consistency of the figures obtained, insulin 
and epinephrine tolerance tests were repeated on 9 schizophrenic sub- 
jects with the same doses of the substances and under exactly similar 
conditions. These repetitions were made not later than one week after 
the first test in all but 1 case, in which the test was done after an 
interval of two months. 

The average values for the two tests are shown in table 2. The 
means of the values for insulin tolerance were similar, particularly 
St the half-hour reading, which indicates, therefore, the reliability of 
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this figure. Two hours after the injection of insulin the figures for the 
second test were slightly lower than those for the first. After injection 
of epinephrine, however, there was a greater difference between the two 
readings. The values obtained in the first test were quite comparable to 
those for the larger group of patients. On repetition, however, the mean 
blood sugar levels were 11 mg. per hundred cubic centimeters lower. 
The reason for this lesser reaction is difficult to explain in view of the 
similarity of the previous portion of the curve. At any rate, the result 
does not invalidate the difference in values between the larger group of 
patients and the normal subjects, but strengthens it. Since the mean 
values show only the general trend, we have computed the variation 
between the two blood sugar values for each subject taken at identical 
points on the curve. For the insulin tolerance the average difference 
between the two readings was usuall}'^ under 10 mg.’' per hundred cubic 
centimeters. At the point of maximum reaction, it was no greater than 
4.8 mg. per hundred cubic centimeters. Since this is less than the 
difference between the large group of patients and the normal group, it 
would seem that these results are reliable. This appears to be particularly 
true since the reactions of the normal subjects were much more homo- 
geneous and on that basis would be expected to show less variation for 
the individual subject. One would assume, therefore, considerable con- 
sistency in this procedure. 

The case is somewhat dift'erent with epinephrine. Not only did 
the subjects vary widely from each other in their reaction to this sub- 
stance, as shown in figure 1, but there was a good deal of fluctuation in 
the reaction of each subject. The average variation lay between 20 
to 25 mg. per hundred cubic centimeters, a figure which ma)’- cast some 
doubt on the reliability of the difference between normal and schizo- 
phrenic subjects. Whether this procedure is sufficiently consistent to be 
reliable is at present a question. 

COMMENT 

The results of the stud}" indicate that a certain proportion of schizo- 
phrenic patients show less responsitivity to insulin than do normal sub- 
jects. Thus, from this point of view, the patients can be divided into, 
two types, a differentiation which is not paralleled by variations in the 
psychiatric status. Our results are in agreement, therefore, with those 
of Meduna, Gerty and Urse.® They are not consistent with the con- 
clusions of Gellhorn, Feldman and Allen,* vffio postulated a predominance 
of vagoinsulin influence in schizophrenic patients as compared with 
normal subjects, but demonstrable only in a state of excitement. Our 

7. The value of 15.9 mg. per hundred cubic centimeters at the one and one- 
half hour point is due primarily to the variation in 1 patient of 53 mg. per hundred 
cub‘c centimeters. 
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results for the blood sugar, on the basis of the theory of an antonomic 
•imbalance, suggest greater reactivity in the sympathicoadrenal sphere 
in the patients, since the hypoglycemic results of insulin were apparently 
antagonized. However, since this theory does not seem to coincide with 
the characteristic features of the schizophrenic state, some other expla- 
nation must be forthcoming. The specific factors responsible for the 
insulin sensitivity are probably of endocrine origin, since insulin resis- 
tance has been noted to be a feature of endocrinopathies involving 
the adrenal cortex, the thyroid and the pituitary gland.’- It is of interest 
that hypometabolism ^ and an abnormal reactivity to a glycerin extract 
of adrenal cortex have been characteristic of many cases of schizo- 
phrenia. The role played by the carbohydrate metabolism of the liver 
and tissues, independent of or associated with such hormonal factors, 
offers further problems. 

Whatever its causation, insulin insensitivit}'- in patients with schizo- 
phrenia is another example of the general tissue resistance to change 
noted by Ang}^al, Freeman and Hoskins.^® This observation may throw 
some light on the reason for the enormous doses of insulin required to 
produce coma in some schizophrenic patients. It also offers a lead for 
further investigations into the carbohydrate metabolism of the central 
nervous system in cases of this psychosis. 

SUMMARY 

An investigation was made of the glycemic and autonomic reactions 
of 32 schizophrenic and 20 normal men. Forty-one per cent of the 
patients showed some degree of resistance to insulin. The reactions 
to hypoglycemia were the same in the two groups. A lessened reactivity 
in blood sugar following the injection of epinephrine was noted in the 
patients. In general, the normal subjects showed greater changes in 
the blood pressure and pulse rate, paralleling the differences in the 
blood sugar between the two groups. 

Worcester State Hospital. 

8. Hoskins, R. G., and Sleeper, F. H. : Organic Functions in Schizophrenia, 
Arch. Neurol. & Psychiat. 30:123 (July) 1933. 

9. Freeman, H., and Hoskins, R. G. : Comparative Sensitiveness of Schizo- 
phrenic and Normal Subjects to Glycerin Extract of Adrenal Cortex, Endo- 
crinology 18:576^ 1934. 

10. Angj'al, A.; Freeman, H., and Hoskins, R. G. : Physiologic Aspects of 
Schizophrenic Withdrawal, Arch. Neurol. & Psychiat. 44:621 (Sept.) 1940. 



CEREBRAL DYSRHYTHMIA IN RELATION 
TO ECLAMPSIA 

MILTON ROSENBAUM, M.D. 

AND 

‘GEORGE L. MALTBY, M.D. 

CINCINNATI 

The toxemias of pregnancy are usuall}^ classified as (1) pre- 
eclampsia (toxemia grade 1, or grade 2 in some clinics) and (2) 
eclampsia, this term being reserved for the condition in which convul- 
sions or coma develops in the presence of the toxemia. The cause of 
these toxemias is not known. Most authorities believe that they are 
etiologically similar, and therefore a single disease entity.^ Howevei', 
why one patient has convulsions as part of the syndrome and another 
remains free of seizures is not clear. It is with this aspect of the 
problem of the toxemias that this paper will be concerned. 

In recent years, with the aid of the electroencephalographic tech- 
nic, a good deal of light has been shed on the problem of convulsive 
disorders. Many aspects of the clinical picture of the toxemic syn- 
drome suggested the necessity of electroencephalographic studies. In 
a preliminary report we have briefly discussed our observations on a 
small series of eclamptic and preeclamptic patients.* This communi- 
cation deals further with the electroencephalographic patterns and the 
family histories in a larger group of similar patients. 

MATERIALS AND METHODS 

Forty unselected patients, 20 of whom had eclampsia and 20 preeclanipsia, 
were included in this study. With the exception of 4 patients (3 with eclampsia 
and 1 with preeclanipsia), all had been admitted to the obstetric service of the 
Cincinnati General Hospital during the past five years. Each patient met the 
requirements recently given by Dieckman^ for the diagnosis of eclampsia and 
preeclampsia. The symptoms, which included hypertension, edema, albuminuria 
and convulsions, are summarized in tables 1 and 2. 

A thorough history was obtained on each patient by one of us emphasizing 
the following points: (1) history of previous convulsions, (2) history of con- 
vulsive disorders in the family (including eclampsia) and (3) history of con- 
vulsions following the toxemia. 

From the Departments of Psychiatry, Neurosurgery and NeurologJ^ Uni- 
versity of Cincinnati College of Medicine and Cincinnati General Hospital. 

1. Dieckman, W. J.’. The Toxemias of Pregnancy, St. Louis, C. V. Mosby 
Company, 1941. 

2. Maltby, G. L., and Rosenbaum, M. : The Relation of Cerebral Dysrhythmia 
to Eclampsia:’ Preliminary Report, Proc. Soc. Exper. Biol. & Med. 50:10-12, 1942. 
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Electroencephalographic tracings were recorded for each patient from one 
week to five years after the attack of the toxemia for which they had been in 
the hospital. These data are recorded in table 3. It is to be noted that 75 per 


Table 1. — Summary of Pertinent Data Related to the Diagnosis of 
Eclampsia in 20 Patients 



Age, 

Year 

Color 

Pregnancy in 
Ko. of Which Attack 
Pregnancies Occurred 

Blood 

Pressure 

(High) 

Urinary 

Albumin 

Edema 

Serologic 

Reaction 

1 

24 

B 

5 

1st, 4th, 5tli 

200/130 

+ + + 

+ 

___ 

2 

23 

B 

3 

3d 

190/100 

+ + 

+ 

— 

3 

24 

B 

3 

3d 

170/120 

+ 

+ 

— 

4 

18 

B 

2 

2d 

180/100 

+ + 


— 

5 

22 

B 

6 

5tli 

170/100 

+ 

+ 

+ 

0 

20 

W 

1 

1st 

140/ 90 

+ + 

+ 

— 

7 

15 

B 

1 

1st 

106/110 

++ 

— 



s 

25 

B 

C 

Gth 

210/130 

++ 

4" 

— 

9 

17 

B 

1 

1st 

180/110 


+ 

+ 

10 

22 

W 

1 

1st 

17C/110 

+ + + 

+ 

— 

11 

24 

W 

1 

1st 

IGO/ 95 

+ + 

— 

— 

12 

18 

B 

3 

3d 

190/110 

-f + + 

+ 

— 

13 

19 

B 

2 

1st 

154/102 

++ 

+ 

— 

14 

41 

B 

9 

9th 

212/134 

++++ 

4~ 


15 

30 

W 

2 

1st 

lCO/100 


4" 

— 

16 

18 

W 

1 

1st 

200/110 

+ + + 

+ 

— 

17 

19 

w 

1 

1st 

175/110 


+ 

— 

18 

32 

B 

12 

9th 

190/140 


— 

— 

19 

32 

B 

O 

U 

3d 

138/106 

+++ 

+ 

— 

20 

25 

B 

G 

2d 

210/115 


— 

— 



Table 2. 

, — Summary of Pertinent Data Related 
Preeclampsia in 20 Patients 

to the Diagnosis of 


Age, 

Year 

Color 

Pregnancy in 
No. of Which Attack 
Pregnancies Occurred 

Blood 

Pressure 

(High) 

Urinary 

Albumin 

Edema 

Serologic 

Reaction 

1 

24 

B 

2 

2d 

190/110 

+ 

— 

_ 

2 

23 

B 

5 

5th 

200/120 

++ 

4- 

— 

3 

35 

B 

6 

Gth 

225/115 

+ + 

+ 

— 

4 

32 

W 

2 

2d 

170/100 

++ 

+ 

— 

5 

32 

w 

6 

Gth 

174/110 

— 

— 

— 

G 

42 

B 

15 

14th, 15th 

214/120 

+ 

4' 

— 

7 

36 

B 

, 8 

8th 

150/ 90 

— 

4* 

— 

s 

27 

W 

4 

4th 

190/115 

+ 

4- 

— 

9 

24 

B 

1 

1st 

164/100 

++ 

4- 

— 

10 

38 

W 

6 

Gth 

240/132 

+ + 

+ 

— 

11 

17 

W 

2 

2d 

158/115 

4-4" 

— 

— 

12 

30 

B 

5 

5th 

168/110 

— 

4* 

4" 

13 

32 

W 

5 

5th 

154/ 90 

— 

4~ 

— 

14 

43 

W 

12 

12th 

148/ 92 

+ 

+ 

1 — 

15 

23 

B 

2 

2d 

150/102 


— 

+ 

16 

16 

B 

1 

1st 

184/104 

+ 

— 

— 

17 

16 

B 

1 

1st 

160/110 

+ 

— 

— 

18 

31 

W 

2 

1st 

220/140 

+++ 

+ 

— 

19 

42 

W 

10 

10th 

235/117 

++ 

4" 

— 

20 

16 

B 

1 

1st 

160/130 

+ 

+ 



Cent of the tracings of the eclamptic groups (IS patients) were taken from six 
months to five years after the attack, while in the preeclamptic group (10 patients) 
50 per cent of the tracings were taken from one to two years after the attack. The 
intervals are adequate in most, if not in all, instances to exclude postconvulsive 
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changes as a cause of the abnormal tracings. In this respect it is interesting that 
of the 10 tracings recorded for the preeclamptic patients within two weeks .after 
delivery, only 2 revealed abnormalities. These observations were of aid in ruling 
out any obvious cerebral dysrhythmias which may have arisen from the pregnancy 
and parturition. 

The electroencephalographic technic consisted of six lead monopolar recordings, 
with the lobe of the ear as a reference point. The leads were taken from the 
frontal, parietal and occipital regions. Short periods of hyperventilation were 
included in each record. From the scalp electrodes the potentials were led off to 
Grass amplifiers and recorded on a three channel ink writer. The records were 
analyzed according to the standards suggested by Gibbs and Gibbs, ^ Jasper and 
Kershman ^ and Davis,'* and more recently by Williams,® which include criteria 
for frequency, amplitude, wave form and general stability. The tracings were 
interpreted by -one of us (G. M.) without knowledge of the patient’s obstetric 
diagnosis and history. 

Table 3. — Time Interval Belivcen Delivery and Recording of the Electroencephalo- 
gram in the Eclamptic and the Preeclamptic Group 


Time After 
Delivery in 
■\Vhich Eleetro- 
encephalogram 


Number of Patients 


Eclampsia 


Preeclampsia 


Was Recorded 

Number 

Percentage 

Number 

Percentage 

1 vk. 

0 

10 

C 

SO 

2 wk. 


15 

4 

20 

G mo. 

1 

5 

0 


X yr. 


SO 

4 

20 

2 yr. 

5 

25 

(i 

SO 

3 yr. 


5 

0 


5 yr. 

2 

10 

0 


Total 


100 

20 

100 


RESULTS 

The results of this study are graphically depicted in figures 1 and 2. 
Thirteen (65 per cent) of the 20 patients witli eclampsia had abnor- 
malities (cerebral dysrhythmias) in their electroencephalograms, while 
only 2 (10 per cent) of the patients with preeclampsia had similar 
abnormalities (fig. 1). The abnormalities encountered (figs. 3 and 4) 
were for the most part similar to those seen with the convulsive dis- 
orders (epilepsy) in that they revealed dysrhythmias characterized 
by slow waves with increased voltage. 

3. Gibbs, F. A. ; Interpretation of the Electroencephalogram, J. Psychol. 
4:365, 1937. Gibbs, F. A., and Gibbs, E. L. : Atlas of Electroencephalography, 
Cambridge, Mass., Lew A. Cummings Co., 1941. 

4. Jasper, H., and Kershman, ' J- •' Electroencephalographic Classification of 
the Epilepsies, Arch. Neurol. & Ps 3 'chiat. 45:903 (June) 1941. 

5. Davis P. A.: Technique and Evaluation of the Electroencephalogram, 

J. Neurophysiol. 4:92, 1941. 

6. Williams, D. : The Significance of an Abnormal Electroencephalogram, 
J. Neurol. & Psychiat. 4:257, 1941 



ROSEN BA UM-MAL TBY— ECLAMPSIA 


207 



E.E.Q. HISTORY 


Fig. 1. — Incidence of abnormal electroencephalograms and of family histories 
of convulsive disorders in 20 eclamptic and 20 preeclamptic patients. 



Fig. 2. Analysis of 12 cases of eclampsia with a historj" of convulsive disorders. 
In 6 cases there was a family history of epilepsy, in 4 cases a family history of 
eclampsia and in 2 cases a historj’- of previous con\'ulsive episodes in the patient 
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The historical data revealed that a convulsive diathesis existed in 
12 (60 per cent) of the eclamptic patients, as contrasted with 2 
(10 per cent) of the preeclamptic patients fig. 1). The data on the 
eclamptic group have been anal)>-zed in figure 2. Six of the patients 
gave a history of epilepsy in one or more members of the immediate 
family. In 4 additional patients the history of convulsions was limited to 
an attack of eclampsia in one member of the immediate family. In 1 of 
these 4 patients eclampsia developed in the first pregnancy, and since then 
she has had frequent grand mal attacks (epilepsy) and is responding 
well to dilantin therapy. The remaining 2 patients gave a history of 
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Fig. 3. — The electroencephalographic tracings for 3 eclamptic patients recorded 
from the left frontal, motor and occipital areas. These recordings were made 
during the resting stage. Note the obvious scattered slow waves, many of high 
voltage, and the general appearance of instability in all three records. 


convulsive episodes previous to the attack of eclampsia. One of these 
patients had an interesting history in that as a child she suffered from 
petit mal episodes and in adolesence there was an occasional grand 
mal attack. In her first pregnancy toxemia developed, and during the 
eighth month she went into severe “status epilepticus.” After recovery 
the patient had more frequent grand mal attacks, which recently have 
been controlled by dilantin therapy. 

A few comments regarding the data in tables 1 and 2 may be of 
interest. Of the 20 eclamptic patients, 14 were Negroes and 6 were white 
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persons, while 11 of the preeclamptic patients were Negioes and 9 were 
white persons. These figures probably reflect the incidence of white 
persons and Negroes in the obstetric service. The average age of the 
eclamptic patients was 24 years, as compared with a corresponding 
age of 29 years for the preeclamptic patients. Ten (50 per cent) of 
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Fig. 4. — Electroencephalographic tracings .for the 2 eclamptic patients with a 
history of previous convulsions. The recording was done during the resting stage. 
Note tlie prominent abnormalities, consisting of diffuse, high voltage, slow waves. 
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Fig. 5. — Normal electroencephalograms of 2 preeclamptic patients, showing a 
stable, 10 per second rhythm of normal voltage. 


the eclamptic patients had the attacks in the first pregnancy, while 
only 5 (20 per cent) of the preeclamptic patients were stricken in the 
first pregnanc 3 ^ Also, there were 7 primiparas with eclampsia as 
compared with 4 with preeclampsia. The foregoing data regarding 
the age incidence and the increased proportion of primiparas with 
eclampsia is in agreement with the observations of other authors.^ 
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COMMENT 

In recent years it has been demonstrated that patients suffering 
from convulsive disorders in the form both of “idiopathic" and of 
“symptomatic" epilepsy have more or less characteristic types of abnor- 
malities in their electroencephalograms. Lennox coined the term “cere- 
bral d 3 'srhythmia" to indicate such abnormalities.^ The excellent 
studies of Lennox, Gibbs and Gibbs ® ; Robinson ° and Lowenbach 
revealed that the cerebral dysrhythmia is an inherited characteristic, 
and it is this factor which predisposes one to the convulsive disorders. 
Although only 0.5 per cent of the general population suffers from 
clinical “epileps}’’," it has been estimated in preliminary sampling by 
Lennox, Gibbs and Gibbs that approximately 10 per cent of normal 
persons exhibit abnormalities similar to those seen in patients with 
seizures or related conditions. These persons with “asymptomatic 
dysrhythmia" may, of course, go through life without manifesting con- 
vulsive phenomena. On the other hand, in the face of conditions which 
affect the central nervous system, either by structural changes, such as 
brain tumor, trauma, encephalitis or syphilis, or by metabolic or 
physiopathologic, changes due to drugs, toxins, changes in the chemical 
constituents of the blood, etc., a predisposed person is more likely to 
have convulsions.'^ 

Rosenbaum, Lewis, Piker and Goldman noted that convulsions 
developed in 9 per cent of a large series of patients with delirium 
tremens, and they concluded that one of the basic etiologic factors 
responsible for the convulsion was the underlying predisposition in the 
form of an inherent cerebral dysrhythmia. Recently Foster studied 
the association between convulsive seizures and rheumatic heart dis- 
ease. He noted that the familial incidence of convulsive seizures or 
migraine appears in cases of rheumatic heart disease associated with 
seizures six times as frequently as in cases of rheumatic heart disease 
without seizures. 

7. Lennox, W. G. : Science and Seizures, New York, Harper & Brothers, 
1941. 

8. Lennox, W. G. ; Gibbs, E. L., and Gibbs, F. W. : Inheritance of Cerebral 
Dysrhythmia and Epilepsy, Arch. Neurol. & Psychiat. 44:1155 (Dec.) 1940. 

9. Robinson, L. J.: Cerebral Dysrhythmias in Relatives of Epileptic Persons, 
Arch. Neurol. & Psychiat. 44:1109 (Nov.) 1940. 

10. Lowenbach, H. : The Electroencephalogram in Healthy Relatives of 
Epileptics, Bull. Johns Hopkins Hosp. 65:125, 1939. 

11. Lennox, W. G.; Gibbs, E. L., and Gibbs, F. A.: The Inheritance of 
Epilepsy as Revealed by the Electroencephalogram, J. A. M. A. 113:1002 (Sept 
9) 1939. 

12. Rosenbaum, M.; Lewis, M.; Piker, P., and Goldman, D.: Convulsive 
Seizures in Delirium Tremens, Arch. Neurol. & Psychiat 45:486 (March) 1941. 

13. Foster D. B.: Association Between Convulsive Seizures and Rheumatic 
Heart Disease, Arch. Neurol. & Psychiat 47:254 (Feb.) 1942. 
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The high incidence (65 per cent) of cerebral dysrhythmias, together 
with the high incidence (60 per cent) of a positive family history of 
convulsive disorders, found in this group of 20 eclamptic patients is strik- 
ing. These results strongly suggest that there may be a primary cere- 
bral dysrhythmia present in patients with the syndrome of eclampsia, 
and that the associated toxemia may be the “trigger mechanism ’ that 
exaggerates the inherent dysrhythmia to the degree that convulsions 
appear. These factors may help to explain the well known fact that 
eclampsia is more common in young primiparas. Signs of cerebral 
involvement have been noted pathologically, and of course clinically. 
Minute hemorrhages are frequent ; edema and congestion are common, 
and occasionally gross cerebral hemorrhages have been observed in 
patients dying of toxemia. The convulsions have been considered to 
be dependent on the cerebral anoxemia resulting from cerebral vaso- 
constriction and/or edema.^ These histopathologic and physiopathologic 
changes would thus constitute the cerebral “insult,’’ or “trigger mechan- 
ism.” 

There is a paucity of material in the literature concerning the family 
history of convulsive disorders in cases of eclampsia. Apparently, 
most authors have limited the historical data to the question of a family 
history of eclampsia alone. Various citations have been made regard- 
ing isolated cases in which there was a family history of eclampsia. 
In the present study 4 of the eclamptic patients had such a history. 
However, the more detailed historical data gathered for this series 
point, to a rather high incidence of convulsions (60 per cent) in the 
eclamptic group and further emphasize the important role of a “consti- 
tutional” predisposition to convulsions in patients with eclampsia. 

Patients with epilepsy do not as a rule have more seizures during 
pregnancy.^^ However, if toxemia develops in a patient with epilepsy, 
it may be a different story. The case cited previous^ is pertinent. 
In childhood there had been petit mal attacks, and an occasional grand 
mal attack had occurred during adolescence. In the eighth month of 
the patient s first pregnancy toxemia and “status epilepticus” developed. 
Patients have had “idiopathic epilepsy” after an attack of eclampsia, 
and this course was experienced by 1 of the eclamptic patients con- 
sidered previously in this study. Dexter and W eiss reported the case 
of a patient with a negative personal history for epilepsy in whom 
grand mal seizures developed after eclampsia. A similar case was 
noted by DeLee.^° It might be argued that such patients should not 

14. Lennox, W. G., cited by Dexter and Weiss.^^ 

15. Dexter, L., and Weiss, S.: Pre-Eclamptic and Eclamptic Toxemia of Preg- 
nanc}', Boston, Little, Brown & Company, 1941 . 

J- ’The Principles and Practice of Obstetrics, ed. 7, Philadelphia, 
W. B. Saunders Company, 1938. 
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be considered as having true eclampsia, but rather as having “epileptic 
convulsions associated with toxemia.” In our opinion the underlying 
factor partially responsible for the convulsion — the inherent cerebral 
dysrhythmia — is the same in both instances, and whether or not the 
patient had had clinical convulsions previous to the toxemia is of little 
importance. 

Dieckman ^ has presented statistical data on the incidence of the 
various t3'-pes of toxemia in 1,100 toxemic patients. If consideration 
is limited only to those toxemias peculiar to pregnancy (preeclampsia 
and eclampsia), it may be noted that 47 per cent of the patients had 
preeclampsia and 4.4 per cent eclampsia. Thus, 10 per cent of the 
patients with true toxemia of pregnancy had convulsions (eclampsia). 
These figures are suggestive in view of the data presented by Lennox, 
Gibbs and Gibbs to the effect that about 10 per cent of the normal 
population is predisposed to convulsive disorders. 

This study strongly suggests that a person who is predisposed to 
convulsions, as evidenced by an inherent cerebral d)’^srhythmia or a 
family or personal history of convulsive disorders, is likely to exhibit 
convulsions in the presence of toxemia of pregnancy. In the past this 
syndrome has been termed eclampsia.^^ These studies are not con- 
cerned in any regard with the cause of the toxemia. In accord with 
this concept is the fact that many of the methods that have been suc- 
cessful in the therapy of eclampsia have depended on the use of anti- 
convulsant drugs (magnesium sulfate, sedatives, etc.). 

It may be inferred that a careful history, together with an electro- 
encephalogram, may be of great importance in determining in whom 
eclampsia may develop. Furthermore, it is apparent that the proper 
prophylactic therapy of such persons might include measures generally 
employed in the treatment of cerebral dysrhythmias (anticonvulsant 
drugs). 

SUMMARY AND CONCLUSIONS 

Thirteen, or 65 per cent, of 20 patients with eclampsia had electro- 
encephalograms indicative of cerebral dysrhythmia, as compared with 
2, or 10 per cent, of 20 patients with preeclampsia. 

17. Since the term "eclampsia” refers to the toxemia of pregnancy associated 
with convulsions, it would seem that “preeclampsia” should refer to the same 
condition before convulsions appear. Thus, "preeclampsia” implies that convulsive 
phenomena are possible. However, our conclusions would make the term “pre- 
eclampsia” illogical. The absence of convulsions in “nonconvulsive to.xemia of 
pregnancy” is due not to the fact that for some reason the possible convulsion 
has not appeared, but to the patient’s innately stable cerebral rhythm. There- 
fore, some term other than "preeclampsia” should be used to designate “noncon- 
vulsive toxemia of pregnancy.” 
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Twelve, or 60 per cent, of patients with eclampsia had a family and 
personal history of convulsive disorders, while only 2, or 10 per cent, 
of the preeclamptic patients had a similar history. 

It is suggested that a primary cerebral dysrhythmia may be present 
in those patients having the syndrome of eclampsia, and that the asso- 
ciated toxemia may be the “trigger mechanism” that exaggerates the 
inherent dysrhythmia to the degree that convulsions appear. 

A careful history, together with an electroencephalogram, might 
be of aid in predicting in whom eclampsia may develop. 

The prophylactic therapy of eclampsia may include the use of anti- 
convulsant drugs. 

Dr. Richard Bryant and the other members of the obstetric staff cooperated 
in this study. 

Technical assistance was given by Afrs. Edward V. Brookfield. 



INTRACRANIAL EPIDERMOIDS OCCURRING 
SIMULTANEOUSLY BELOW AND 
ABOVE THE TENTORIUM 

HOWARD A. BLACK, M.D. 

BROOKLYN 

The term epidermoid (cholesteatoma) refers to a slow growing, 
cystic neoplasm which may occur in or beneath the scalp, within or 
about the orbit, in the neck, jaws, middle ear, mastoid, cranial bones 
or elsewhere along the craniospinal axis. The manner of origin is said 
to be by inclusion of epiblastic tissue during the closure of clefts or at 
a point of contact of ectodermal invagination with other tissues in the 
development of the embryo,^ Another presumptive source is epidermal 
implantation resulting from trauma, an example of which has been 
recorded by Graumann.- Up to the time of writing 205 cases of intra- 
cranial epidermoid tumor have been recorded in the literature. Of this 
number there were 7 in which the lesion was situated in both the supra- 
tentorial and the infratentorial position. The purpose of this paper is 
to review these 7 cases and to add the eighth. The following are brief 
abstracts of the cases given chronologically as they appeared in the 
literature. 

PREVIOUS CASES 

Case 1 (reported by Price,® 1887). — L. F., a widow aged 39, was attended in 
the outpatient department of the Berkshire Hospital during December 1886 and 
January 1887, The initial symptoms were not given, but the illness was of five 
years’ duration and was characterized as steadily progressive. One year after 
onset vision was lost in the right eye. Later there were attacks consisting of 
a sudden, queer feeling in the head, falling, dropping of articles from tlie hand 
and urinary incontinence. Examination disclosed that the right optic nerv^e head 
was white, the left one pale and the vessels of the fundi thin. Gradually tlie 
patient lost ground, suffered from recurrent convulsive seizures and died on 
Jan. 28, 1887. 

Autopsy revealed a tumor of the brain and several areas of caseous tuber- 
culosis in the apex of the left lung. Before the Pathological Society of London 
on March 3, 1887 Price presented the brain, over the base of which a large. 

From the Neurological Unit of The Brooklyn Hospital. 

1. Ewing, J. ; Neoplastic Diseases: A Treatise on Tumors, ed. 4, Phila- 
delphia, W. B. Saunders Company, 1940, p. 1051. 

2. Graumann, G. : Ueber ein traumatisch entstandenes Cholesteatom der 
hinteren Schadelgrube, Zentralbl. f. Chir. 64:1154-1161 (May 15) 1937. 

3. Price, J. A. P.: Cholesteatoma at the Base of the Brain, Tr. Path. Soc. 
London 38:24-26, 1887. 
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irregularly nodular, brittle tumor spread from the medulla oblongata to the optic 
chiasm, displacing the temporal lobes lateralh'. On the medulla v.'as a smaller 
tumor of the same characteristics, which contained sebaceous-like material. The 
grov.'th appeared encapsulated by a thin membrane v.'hich was continuous with 
the pia-arachnoid and had a mother-of-pearl sheen. Aside from the areas of 
compression the brain appeared normal. On microscopic examination numerous 
cholesterol crystals and the outlines of several cells devoid of nuclei were seen. 

C-^SE 2 (reported by Frank,- 1SS9).— A man aged 43 was admitted to an 
asylum for the insane at the age of 39 (18/9) because or peculiar and incessant 
talking. On e-xamination he was found to have left hemiparesis, prominent eyes 
and strabismus on the right In IMay 1881 a convulsion took place, and in Feb- 
ruary 1883, paresis of the extremities of the right side developed after another 
con^-ulsion. A few months later the right upper extremitt' alone was involved in 
violent, jerking movements, after which the paresis or the erctremities of the right 
side increased. Zifore seizures ensued, implicating sometimes the right and at other 
times the left side. Death occurred during a particularly severe convulsion in 
January 1884. 

Postmortem examination revealed a transparent, glossj* growth the size of a 
chicken’s egg in the region of the right operculum, which destroj'ed this structure 
and extended in the form of numerous pea-sized masses to envelop the optic 
chiasm and the right optic tract A more spongelike and transparent portion of 
the tumor was directed posteriori}', v.-here it covered the cerebral peduncles 
and tlie pons. At the pontob'ulbar jimction was another neoplasm (apparently not 
connected with the first) measuring 3 by 2.5 by 1 cm. Histologically the two 
masses were alike, shotving webbing of epithelial cells and cholesterol crystals. 

C.4SE 3 (reported by Nehrkorn," 1897).— A man aged 44 was admitted to the 
hospital on Jime 15, 1894. About 1894 he had become depressed and complained 
of loss of appetite and sleeplessness. During the weeks just before admission he 
had been restless and mentall}' disturbed. Examination revealed that the left 
pupil was larger than the right and the facial muscles were flaccid, particularly 
on the left side. A fissure at the left corner of the mouth and excoriations of 
the scalp v/ere ascribed to syphilis. The ps 5 'chologic aberrations became rapidly 
greater, necessitating forced feeding, and after a period of coma the patient died 
July 28, 1894, supposedly of dementia paralj'tica. 

Autopsy revealed complete absence of the left frontalis and masseter muscles. 
In the left cerebellopontile angle was a w'hite, crumbly mass consisting of mother- 
oi-pearl, glossy particles of skin, in which were embedded the sixth through the 
tenth cranial neiwes of this side. The pons and medulla were compressed and 
displaced to the right bj" the tumor. Situated in the left temporo-occipital region 
of the cerebrum was another and larger tumor about the size of an apple, almost 
co%ered b}* cerebral tissue and partly encapsulated. The temporal horn of the left 
lateral ventricle v.'zs parti}- occupied by the neoplasm, although the epend}'ma 
remained intact. A white membrane of arachnoid webbing covered the base of 
die growth, ilicroscopic examination showed keratinized, desquamated epithelium 
but no hair or sudorific glands. (No description of the capsule vms given.) 

4. Frank, C: Ueber einen in der Durener Irrenanstahbeobachteten Fall von 
Chofeteatom, Allg. Ztschr. £ Psychiat 46:30-38, 1889. 

5. Nehrkorn, A.; Ein Fall von meningealer Perlgeschwulst, Beitr. z path 
Anat u. z. allg. Path. 21:73-103, 1897. 
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Case 4 (reported by Strauss, <> 1913).— A woman aged 32 was admitted to 
Mount Sinai Hospital on Oct. 5, 1909, complaining of pains in the joints, diffi- 
culty in chewing and swallowing and earache. She was the mother of three 
children, the youngest being 16 months old. The onset of her illness began in 
1906 with disturbance of menstruation, the periods occurring every two to three 
months. At about this time there was an increase in weight, and headache 
developed. Eleven months prior to admission signs of mental derangement became 
evident. The headaches became more frequent and severe and were associated 
with nonprojectile vomiting. There was almost continuous gnashing of the teeth; 
the eyesight failed, and there were loss of memory for recent events, increased 
gain in weight, abnormal thirst and absence of menstrual flow during the last 
four months. Examination disclosed mental blunting. The facies were suggestive 
of acromegaly; the axillary and the pubic hair was sparse, and the subcutaneous 
fat was unusually sensitive. The optic fundi were normal. Glycosuria was present. 
On April 10, 1910 the patient was transferred to Montefiore Hospital. At this 
time the right optic nerve head was white and the left pale, and there was 
apparent bitemporal hemianopia. Stupor developed and terminated in death on 
Dec. 21, 1911. 

Postmortem examination was confined to the head. On the under side of the 
brain a cystic, gelatinous mass extended from the inferior level of the olivary 
bodies to the optic chiasm. The pons was partially compressed by the largest 
prominence of the mass, while the region of the left basal ganglia was occupied 
by another large portion of the tumor, a projection of which extended into the 
cavity of the left lateral ventricle and another into the left frontal lobe. The neo- 
plasm measured 4 cm. transversely and 5 cm. anteroposteriorly. The pathologic 
diagnosis was “cholesteatoma.” 

Case S (reported by Bailey,’’ 1924). — B. A., a man aged 40, was admitted to 
the Peter Bent Brigham Hospital on Nov. 14, 1922, coniplaining of loss of eye- 
sight. In 1917 headaches prompted the patient to consult an oculist, who found 
that the visual acuity of the left eye was much reduced. By 1919 visual impair- 
ment had progressed to tlie point where he was no longer able to fulfil his duties 
as a salesman. During the year prior to admission there was physical weakness 
with loss of libido. Examination disclosed bilateral “primary” optic nerve atrophy, 
and vision in the right eye was restricted to perception of large objects in the 
lower left field. No other abnormal neurologic signs were demonstrable. On 
Nov. 27, 1922 a left transfrontal craniotomy was performed by Dr. Harvey 
Cushing. Between the optic nerves the rounded, glistening membrane of a pearly 
tumor, about 1 cm. in diameter, was visualized. After this portion was scooped 
out with a pituitary spoon, a mass the size of a golf ball was observed in the 
left middle fossa. This, in turn, was scooped out. It was then seen that the growth 
extended beyond the tentorium, and the operator followed this prolongation at 
least 5 cm. beyond the incisura. The cavity created by the removal of the tumor 
was filled with saline solution and the wound closed, no bleeding having been 
encountered. After a stormy course characterized by fever, fulness of tlie opera- 
tive area and signs of meningeal inflammation, the patient improved, and he was 
discharged on Jan. 8, 1923. When interviewed in March 1923, he was in excel- 

6. Strauss, I.: A Case of Cholesteatoma of the Brain, J. Nerv. & Ment. 
Dis. 40:257-259, 1913. 

7. Bailey, P. : Further Observations on Pearly Tumors, Arch. Surg. 8:524- 
534 (Jan.) 1924. 
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lent physical condition but manifested mild psychologic disturbances. Pathologic 
examination of the material removed at operation disclosed a structure com- 
patible with a diagnosis of epidermoid. 

Case 6 (reported by Cushing, « 1932).— A neurasthenic woman aged 43 was 
observed in the medical wards of the Peter Bent Brigham Hospital in 1926 for 
mitral stenosis, aortic insufRciency and . severe headache. Partial deafness and 
other signs pointing to a neoplasm of the left cerebellopontile angle were noted 
at that time. In 1924 transient double vision had occurred, and the following 
year gradually increasing numbness of the left side of the face and attacks of 
dizziness and staggering Avere added to the symptoms. Later, pains in the distri- 
bution of the second and third divisions of the left trigeminal nerve were the 
presenting complaints and led to a second admission to the hospital on [May 26, 
1927 — ^this time to the surgical service. The left eye protruded and deviated 
inward. The left side of the face was numb, but the deafness that had been 
noted during the previous admission had largely disappeared. “Fairly definite 
right-sided pyramidal symptoms were present.” She was nervous and difficvdt to 
manage, and at her own request she was discharged without operation. During 

1928 the symptoms grew worse, and periods of unconsciousness began to follow 
the headaches. On Dec. 6, 1928 the patient was admitted to the hospital for the 
third time, when, in addition to the previously described clinical picture, she pre- 
sented neurokeratitis of the left eye. Because it was the impression that the 
trouble was a meningioma of the left gasserian ganglion sheath a craniotomy 
was undertaken. When the region of Meckel’s cavity was exposed, the remnants 
of the ganglion were seen stretched over the glistening surface of a cholesteatoma, 
about 2 cm. in diameter. The tumor was thoroughly cleaned out and supposedly 
entirely removed, together with its enveloping membrane. Recovery was unevent- 
ful, and the patient was discharged on Jan. 23, 1929. The immediate result of the 
operation was alleviation of the pain formerly present in the distribution of 
the trigeminal nerve, but suspicion of an infratentorial extension of the original 
tumor was aroused when the “cerebellar” S 3 'mptoms became more pronounced 
(the gait was ataxic; nystagmus was present, and there was symptomatic impli- 
cation of all the cranial nerves on the left side, from the sixth through the 
twelfth). The patient was admitted to the hospital a fourth time, and on Nov. 8, 

1929 operation disclosed a large cholesteatoma in the left cerebellopontile angle. 
The mass, together with its capsule, was removed, but in pursuing the membrane 
through the incisura tentorii the operator had to leave a fragment lying against 
the left cerebral peduncle. Recovery was prompt, but tinnitus became a presenting 
complaint, from which the patient subsequently had some relief by the use of 
drugs. 

Case 7 (reported by Alpers,^ 1939). — K. M., a female, entered the hospital on 
March 30, 1936. Three years previously “Bell’s palsy” had developed on the left 
side and persisted. This was followed two years later by staggering, which pro- 
gressively increased, and three months before admission double vision developed. 
There had been no headache or vomiting. Examination gave evidence of impair- 
ment of tire functions of the third and the fifth through the tenth cranial 

8. Cushing, H. : Intracranial Tumors: Notes upon a Series of Two Thousand 
Verified Cases with Surgical Mortality Percentages Pertaining Thereto, Spring- 
field, 111., Charles C Thomas, Publisher, 1932, pp. 99-102. 

9. Alpers, B. J. : Cerebral Epidermoids (Cholesteatomas), Am. J. Sura- 43* 
55-65 (Jan.) 1939. 



218 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


nerves on the left side, weakness of the right hand and “h}'peractive reflexes.” 
Operation on April 2 exposed a large' tumor which extended from the upper 
end of the spinal cord along the brain stem on the left through the incisura 
tentorii and disappeared beneath the temporal lobe. All of the mass within the 
posterior fossa and part of that in the middle fossa was removed. Convalescence 
was uneventful. Microscopic examination identified the growth as an epidermoid. 
There was no capsule, but the presence of many polyhedral cells togetlier 
with the typical gross appearance of a pearly tumor led to the diagnosis of 
“cholesteatoma.” 

There are also reports in the literature which describe minor 
encroachments on the supratentorial or the infratentorial compartment, 
as the case may be, by a tumor situated predominantly on the other 
side of the tentorium, as in the case recorded b)’^ Rosenstein.^® Here 
a huge epidermoid of the anterior and middle fossa sent sliver-like pro- 
jections along either side of the pons for a short distance. However, 
such occurrences are not comparable to the cited cases and hence are 
not included in this group. 

From the foregoing reports it is apparent that in 6 out of 7 instances 
there was nothing in either the histor)' or the physical findings to excite 
suspicion concerning the true extent of the lesion. Although in the 
case reported b}'’ Cushing one might be led in retrospect to predict 
the existence of a mass situated in both the supratentorial and the infra- 
tentorial region, the difficulties encountered in arriving at the proper 
approach to the lesion by one so experienced in such matters indicates 
the pitfalls that may await others. 

The following case seems to merit recording in detail since this 
experience indicates the difficulties encountered in establishing a diag- 
nosis regarding the extent of the lesion even though ventriculographic 
studies were utilized. 

REPORT OF A CASE 

S. R., a 55 year old woman, was admitted to the neurologic unit of the 
Brooklyn Hospital under the care of Dr. Jefferson Browder on March 7, 1938. 
The patient complained of diminution of vision, impaired hearing in the right ear, 
tremors, clumsiness of the right hand and staggering gait. 

The onset of the present illness was in 1930 (eight years prior to admission), 
when, without premonitory symptoms, a generalized convulsive seizure occurred 
during sleep. It was estimated that approximately fifty such attacks had taken 
place subsequently. At the outset the seizures came every second or third night; 
later, less frequently. No aura of any type had been experienced, and no resultant 
transitory paralysis had been observed by the family. For the next six years 
she was capable of carrying on her household duties and had no particular com- 
plaints except for the transient feeling of exhaustion for a day or so after each 
convulsive seizure. In the early part of 1937 vision was noted to be impaired — 
glasses had been worn for several years — consequently the eyes were reexamined 

10. Rosenstein, A.: Rial Epidermoid of the Chiasmal Region, J. Mt. Sinai 
Hosp. 3:216-223 (Jan.-Feb.) 1936. 
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and new lenses prescribed. This failed to correct the visual disturbance. In 
August 1937 the family of the patient noticed an unsteadiness in her gait without 
tendency to fall in any particular direction. This difficulty in walking grew slowly 
worse. In October 1937 there was a decrease in the acuteness of hearing in the 
right ear. About this time clumsiness of both hands developed, more pronounced 
on the right than on the left. Inability to perform skilled acts with the right hand 
resulted in a change from “right handedness” to “left handedness.” At no time 
had there been any headache, vomiting or double vision. This history was obtained 
from the husband and the sister. The patient’s statements were unreliable because 
of an obvious memory defect. 

The patient was well developed and moderately obese; she was alert, responsive 
and not acutely ill. The optic fundi appeared normal save for absence of the 
physiologic cup of the right nerve head. The plotted visual fields showed an 
incomplete homonymous defect of the upper left fields. A Horner sjmdrome was 
present on the left, and lateral gaze of the left eye was limited. There was no 
weakness of the extremities, but gross ataxia of all extremities was evident, 
especially of the right lower limb. The deep reflexes were very active, more so 
on the right than on the left; the abdominal reflexes were not elicited. The 
response to plantar stimulation was normal on the left side and equivocal on the 
right. No abnormality of somatic sensibilities was demonstrated. In walking there 
was swaying to either side, and the right lower extremity was swung with a circum- 
duction movement In turning quickly to the right there was swaying. Romberg’s 
sign was demonstrable, and even with the eyes open the position could not be 
maintained. On March 9, 1938 ventriculographic examination was performed. 
Fifty-five cubic centimeters of fluid was removed and replaced with air. The roent- 
genograms taken immediately after the injection of air presented a filling defect 
in the posterior part of the right lateral ventricle — indication of a mass situated 
lateral to the region of the right thalamus. No air was visualized in the aqueduct of 
Sylvius or the fourth ventricle. At operation, performed by Dr. Browder, the 
right lateral ventricle was opened near the atrium, and on the inferior surface of 
the ventricle was observed a smooth, whitish membrane covering a domelike 
projection into the cavity of the ventricle. The mass displaced the temporal portion 
of the choroid plexus, as well as the glomus, anteromedially. It appeared that 
the ependyma was absent from over the dome of the mass, although the termination 
of the contiguous ependyma could not be identified grossly. The membrane was 
sufficiently transparent for visualization of a whitish, fragmented material beneath 
it. After the presenting portion of the membrane was excised, the contents of the 
oval cavity, measuring approximately 6 by 4 by 3 cm., were removed. This 
material was crumbly and about the consistency of cottage cheese. The interior of 
the hollow was smooth and somewhat glistening ; the surrounding structures did not 
tend to obliterate it immediately. No diverticulum or other alteration in the 
continuity of the interior of the sac was present. It was thought inadvisable to 
attempt complete removal of the capsule. Recovery from the operation was rapid. 
On the fifth day after operation it was observed by gross test that left homonj^mous 
hemianopia was present. Perimetric examination performed twenty-one days after 
operation showed slight narrowing of the left homonymous fields. The gait 
improved, but the visual deficit remained about the same. The patient was dis- 
charged from the hospital on March 30, 1938. Microscopic examination of 
the tissue removed at operation showed the membrane was a C 3 "st wall lined *by 
squarnous epithelium; the white, cheesy material was composed of desquamated, 
keratinized epithelium and cholesterol crystals. During the ensuing j-ear several 
generalized convulsions occurred. For six months there was improvement in 
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walking ; however, from January to June 1939 increasing impairment of gait was 
observed. 

The patient was readmitted to the hospital on June 20, 1939, complaining of 
increasing impairment of vision and difficulty in walking. Vision had become so 
poor that faces could not be recognized a short distance away. Memory defects, 
especially for recent events, had been noted by both the patient and her relatives 
and had become so pronounced that at times a sentence was left incompleted, the 
remainder of the thought lost. The unsteadiness of gait was more pronounced 
than prior to operation, in 1938, and was described as loss of “sense of balance.” 
There had been four generalized convulsions, all occurring during sleep and observed 
by the relatives only after they were in progress. The left hand was used for skilled 
acts, owing to clumsiness of the right hand. There had been no nausea, vomiting, 
double vision or headache. On examination the patient was alert, rational, oriented 
and aware of her mental blunting. Conversation was well sustained, but memory 
was poor in all respects, and simple arithmetical calculations were performed 
incorrectly. There was obvious euphoria. The site of the previous right parietal 
bone flap was well healed; the area of decompression was soft, flat and pulsating. 
There was a Horner syndrome on the left side. Both pupils reacted sluggishly 
to light; the optic nerve heads were pale, and the retinal veins of the left eye were 
somewhat full. There were pronounced dyspraxia and ataxia of the extremities 
bilaterally. By mensuration the right grip was slightly weaker than the left. There 
was no notable alteration in deep reflexes. Of the abdominal reflexes, only that 
of the left lower quadrant could be obtained. The response to plantar stimulation 
was equivocal bilaterally. Standing without support was impossible. On June 23, 
1939 ventriculographic examination was performed. Seventy cubic centimeters of 
fluid was removed and replaced with air. Roentgenograms disclosed symmetric 
dilatation of the lateral and third ventricles and an air-filled space on the right 
side corresponding to the site of the cyst evacuated at the previous operation, 
neither the aqueduct of Sylvius nor the fourth ventricle was visualized. On 
June 28, 1939 suboccipital exploration was carried out by Dr. Browder. The 
cerebellar hemispheres were unduly prominent, the right being slightly more so 
than the left. The cerebellopontile angles were easily visualized, and nothing 
abnormal was disclosed. An incision was made in tiie mesial aspect of the right 
cerebellar hemisphere. At a depth of approximately 1 cm. a thin membrane was 
encountered, and when this was opened, it was obvious that the lesion here was 
similar to that previously encountered in the supratentorial region. After removal 
of the contents of the mass ample room was afforded the operator for careful 
inspection of the cyst wall. The cavity extended rostrally to a point estimated 
to be at the level of the incisura tentorii, and no diverticulum or other change in 
the wall suggested a site of possible supratentorial connection. The mesial wall 
of the cyst lay directly adjacent to the thinned-out dorsolateral wall of the fourth 
ventricle, but at no point was there gross defect in the ependymal lining. A portion 
of the wall of the fourth ventricle and of the adjacent capsule of the tumor was 
removed in order to establish direct communication of the cavity with the fourth 
ventricle. The wound was closed with layer silk. Recovery from the operation 
was prompt and without complication. By the time of discharge, July 19, 1939, 
vision had improved somewhat, and the Horner syndrome had cleared. There 
were moderate dyspraxia and ataxia of all extremities, more pronounced on the 
leff than on the right, and walking was accomplished with but slight assistance. 
Position sense was moderately defective in all extremities. Microscopic exami- 
nation of the specimen removed at the second operation disclosed material similar 
to that observed at the first operation. 
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At the last observation (July 1941) the patient was able to get about without 
assistance in her house, although she still required slight help when walking in 
the street ; the intellect was improved, and the euphoric state was no longer evident. 
The optic nerve heads showed a mild degree of pallor. Although some decomposition 
of purposeful movements persisted, the dyspraxia had improved considerably, 
particularly in the right upper extremity, which now is being used for eating and 
knitting. No gross sensory changes were demonstrable. Recovery has not been 
as complete as had been anticipated. However, the patient is capable of carrying 
on her household duties. 

COMMENT 

The first report of a case of intracranial epidermoid is cited as being 
published by Duineril in 1807. Excellent historical surveys with 
recapitulations of the various terms which have been applied to these 
tumors are to be found in articles by Critchley and Ferguson,^” 
Mahoney and King.^^ In 1936 Mahoney reviewed the literature 
and collected 142 cases of epidermoid, including the intracranial, diploic 
and spinal varieties. According to his figures the distribution of the neo- 
plasm in these three situations, in the order named, is 16 : 3 : 1. In reports 
of large series of verified tumors of the brain the incidence of epi- 
dermoids has varied from 0.2 to 0.6 per cent. 

The outer membrane of an epidermoid often presents a distinctive 
mother-of-pearl appearance, a fact that led Cruveilhier in 1829 to 
describe it under the term tiimeur perlee. The structure is simple : An 
epithelial layer lying on a connective tissue base, which often attaches 
to pia mater, lines the interior of the cyst, the contents of which are 
formed by desquamated, keratinized epithelium. Histologically the sac 
membrane, often 1 or 2 mm. in thickness, is composed of stratified 
squamous epithelium. There is often an abundance of cholesterol crys- 
tals in the contents of the tumor, although this is not always so. The 
nature of the growth suggested to Sir James Paget the term “cutaneous 

11. Dumeril, P. : Bull. Soc. Fac. de Med. 1:32 (Feb. 19) 1807. 

12. Critchley, M., and Ferguson, F. R. ; Cerebrospinal Epidermoids (Choleste- 
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13. Mahoney, W. : Die Epidermoide des Zentralnervensystems, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 155:416-471, 1936. 

14. King, J. E. J. : Extradural Diploic and Intradural Epidermoid Tumors 
(Cholesteatoma), Ann. Surg. 109:649-688 (May) 1939. 

15. Tooth, H. : Treatment of Tumors of the Brain and Indications for Opera- 
tions, Proc. Internat. Cong. Med., London, 1913, sect. 11. Horrax, G. : A 
Consideration of the Dermal Versus the Epidermal Cholesteatomas Having Their 
Attachment in the Cerebral Envelopes, Arch. Neurol. & Psychiat. 8:265-285 (Sept.) 
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proliferating C 3 'st,” although he did not restrict the designation to the 
epidermoid, applying it to the broader group of dermoids as well. It 
seems that the adoption of this term would be at once accurate, descrip- 
tive and final and would avoid the confusion that has attended the 
terminology of this tumor in the literature, and about which there is 
no definite agreement as yet. 

Since the presence of an epideianoid situated intracranially is betrayed 
only by its pressure effects, or by altei'ed flow of cerebrospinal fluid 
due to blocking of its route, one would not expect the true nature of the 
lesion to be suspected preoperatively. When such a tumor is exposed, 
the question should occur to the operator whether or not the mass 
visualized represents the entire extent of the tumor, since it has been 
shown that of 206 epidermoids located within the cranial cavity, 8 
were situated in both the supratentorial and the infratentorial position. 
In the case just reported the original impression was that the tumor 
was in the posterior fossa, but plotting of the visual fields, together 
with the presence of dyspraxia and the history of convulsive seizures 
of long standing, displaced consideration of such a localization. The 
A'-entriculographic evidence was deemed consistent with the general pic- 
ture presented by the patient. It was not, therefore, until the patient 
took a turn for the worse, after having made a start toward recovery 
after the first operation, and exhibited an accession of the so-called 
cerebellar signs that consideration was given to the possibility of a similar 
lesion’s being situated in the posterior cranial fossa. Had the injected 
air entered the aqueduct of Sylvius it is probable that the presence of 
two tumors would have been demonstrated initially by aerography. Be 
that as it may, the predilection of these cysts for the regions of the 
basilar cisterns and their tendency to wind their way along the brain 
stem are points worthy of note when one is confronted with either a 
supratentorial or an infratentorial epidermoid. 

SUMMARY AND CONCLUSIONS 

1. A review of the literature revealed 205 cases of intracranial epi- 
dermoids. 

2. Of this number, 7 instances have been recorded in which the 
lesion was situated in both the supratentorial and the infratentorial 
position, and to these the eighth example is added. 

3. It is suggested ■ that the term "cutaneous proliferating cyst” 
(Paget) would be an acceptable designation for the neoplasm now called 
epidermoid, or cholesteatoma. 


1291 Dean Street. 



PSEUDOJACKSONIAN EPILEPSY IN CHILDREN 

MAJOR JOHN E. SCARFF 
medical corps, army of the united states 

An important advance in the treatment of so-called idiopathic epileps}^ 
will be made if it is possible to break up the great arm}^ of epileptic 
persons, now regarded collectively as one group, into smaller, com- 
ponent groups, each with its own unique and constant clinical features, 
expressing its own individual etiologic mechanism and, finally, respond- 
ing to its own specific method of therapy. 

The first step in such a program must be the accurate description and 
delineation of all the various clinical syndromes as they are observed 
from time to time. Only after this can the etiologic factors and the 
appropriate therapy in any given case be determined. In 1936. in line 
with this thought, I described such a specific epileptic syndrome ^ which 
had come to my mind, and suggested a possible form of therapy. The 
present paper consists essentially of a description of a second specific 
epileptic syndrome, with an account of my experiences in attempting to 
determine its cause and to find a specific method of treatment. Unfortu- 
nately, these objectives have not been completely achieved, although the 
experiences, to date, suggest possible answers to these questions. 

THE CLINICAL SYNDROME 

The specific epileptic syndrome here described has been encountered 
only in children. The youngest child was lj4 years old when the 
seizures began; the oldest, 12 years of age. 

The seizures are characterized by single or multiple, repeated 
“twitchings” or clonic “jerkings” of the extremities on one side of the 
body. These twitchings affect both the arm and the leg and start 
simultaneously in them. In sharp contradistinction to the true Jack- 
sonian seizure, they do not start from a focal point, such as the thumb 
or a finger or toe, and there is no “march” from one topographic cortical 
representation to another, which is such a fundamental characteristic of 
the focal convulsion as described by Hughlings Jackson; nor is there 
a crescendo with a peak of activity and then a falling off. The move- 
ments simply start abruptly, continue for a while with even intensity 

From the Department of Neurology, Columbia University College of Ph 3 'si- 
cians and Surgeons, and the Neurological Institute of New York. 

1. Scarff, J. E. : A Specific Epileptic Syndrome Relieved by Lysis of 
Pacchionian Granulations, Arch. Neurol. & Psi'chiat. 36:373-375 (Aug.) 1936. 
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and stop. They never spread to the extremities of the opposite side, 
no matter how long they are sustained on the one side. Nor does the 
patient ever lose consciousness, bite his tongue or become incontinent. 

The duration of the attacks ranges from three or five seconds to five 
or six minutes. The frequency of the seizures varies from two or three 
to as many as forty or fifty daily, but for each individual patient the 
frequency, once established, remains surprisingly constant day after day. 
Neither phenobarbital nor dilantin has any appreciable anticonvulsive 
effect on the seizures. 

Hemiparesis on the side of the seizures developed at one time or 
another in each of the patients studied. The children who had right- 
sided paresis usually also suffered some aphasia. Psychometric tests 
were done on 6 of the children. The mental rating for 1 child was far 
below the normal level ; a boy, who was very sick at the time the tests 
were made, was rated as normal; the remaining 5 children were given 
"very superior’' mental ratings. The pneumoencephalograms revealed 
mild, diffuse cerebral hypoplasia (or atrophy) on the affected side in 
6 of the 7 patients. Electroencephalograms, which were taken on 5 of 
the 7 children, showed a strilcingly constant mixture of large, slow 
waves, with fast, “spiky” waves. 

PATHOLOGIC DATA 

The observations on cerebral exploration were inconstant, and hence 
disappointing. Subarachnoid fluid was excessive in 4 cases. The gyri 
and sulci were essentially normal in all cases. Pacchionian granulations 
appeared unusually dense in 4 cases. In 1 instance there was a small 
calcified mass of scar tissue, 1 cm. in diameter and about 1.5 cm. beneath 
the surface of the precentral gyrus, in the arm area of the right hemi- 
sphere. 

Electrical stimulation of the cortex was performed in all 7 cases. 
The cortex was extremely refractory in 2 cases, gave normal focal 
responses in 3 cases and responded with convulsions in 2 cases when 
stimulation was applied in the vicinity of the particularly dense pac- 
chionian granulations. 

Electrocorticograms were made in 3 cases. These were normal in 
1 instance but showed abnormal potentials in the other 2 as the superior 
mesial border of the hemisphere was reached. 

No autopsies were performed in this group. 

SURGICAL PROCEDURES AND RESULTS 

No therapeutic measure was attempted on the exposed brain in 
cases 2 and 3, as none was indicated. In 1 of these cases the course 
continued to be progressively downhill, while, curiously, in the other 
the child made an almost complete, spontaneous recovery. 
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Large, dense, anomalous pacchionian granulations were divided in 
4 instances (cases 1, 4, 5 and 6), the brain thus being freed of this rigid 
attachment along the superior mesial border of the hemisphere. The 
rationale exercised in this procedure is that previously described by me 
in 1936.4 namely, that in brains having constitutionally low thresholds 
for stimulation the constant tug of unyielding pacchionian attachments 
between the cortex and the vault may be an irritating factor in the same 
manner as adhesions sufficiently strong to stimulate the production of 
convulsions. In each of these 4 cases the granulations were unusually 
dense. In cases 5 and 6 the excitability of the cortex to electrical stimu- 
lation increased notably as the region of attachment of the pacchionian 
granulations and the cortex was approached. In both these instances 
pronounced improvement in symptoms followed operation. Of the other 
2 cases in which the granulations were divided, there was improvement 
in 1 (case 1) and a striking, progressive downhill course in the other 
(case 4). 

In the last, but probably the most important, case of the series (case 
7) a small calcified cicatrix, about 1.5 cm. in diameter, situated about 
1 cm. below the surface of the precentral g}Tus and close to the superior 
mesial border of the hemisphere, was excised. The boy has not had a 
single convulsion since the operation, nearly three years ago, and this 
in spite of the fact that he has taken no drugs for the last year. More- 
over, the left hemiparesis, which was nearly complete prior to operation, 
has cleared up almost entirely. This boy now attends school regularly 
and participates freely in all sports on an equal footing with the other 
bo3^s. 

REPORT OF CASES 

Case 1. — J. B., a boy 4 years old, born Feb. 14, 1935, in May 1937, when he 
was a little over 2 years old, while suffering from a severe cold, had a generalized 
convulsion lasting eighteen minutes. Six months later, one year before admission, 
he began having seizures characterized by sudden stiffening of the body and 
extremities, with the head thrown back and the eyes turned to the right. These 
seizures occurred at first about once a month. A year later, about December 1937. 
the character of these seizures changed. They increased in frequency, were limited 
almost entirely to the right arm and leg and became more jerking and clonic in 
character. They lasted only a few seconds, during which time the child might 
be momentarily unconscious. When the seizure was over, he usually resumed his 
play immediately, and there never was tongue biting or incontinence. These new 
seizures occurred on the average of five to six times daily. Simultaneously with 
this change in the seizures, rapidly progressive weakness appeared in the right 
arm and leg and the right side of the face, and three months later aphasia developed. 
After a few weeks there was decided improvement in the hemiparesis and the 
aphasia. Gradually, however, the signs and symptoms again returned, and on Oct. 
5, 1939 the child was admitted to the Neurological Institute. 

Psychometric examination showed pronounced mental retardation, although the 
rating was probably influenced by his aphasia. Pneumoencephalograms showed 
slight hypoplasia of the left cerebral hemisphere. 
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On October 21 exploration of the left cerebral hemisphere was carried out, 
with the patient under anesthesia induced by avertin with ainylene hydrate supple- 
mented by a local anesthetic. There was a considerable increase in fluid in the 
subarachnoid space, especially as the midline was approached. The convolutions 
and sulci appeared to be normal. The primary motor gyrus was identified by 
electrical stimulation, and after this electrocorticograms were taken from many 
areas. From most of the exposed brain normal rhythms and potentials were 
obtained, but as the points studied approached the midline atypical potentials 
appeared, characterized by slow waves (1 to 2 per second), high potentials and 
sustained plateaus. In this connection, it should be observed that the avertin 
anesthesia had been supplanted by very light ether anesthesia for a few minutes, 
during the elevation of the flap; so these “plateau” waves may have been due to a 
residual effect of the anesthesia. On the other hand, it should be noted that these 
abnormal potentials were present only near the superior mesial border of the 
hemisphere, from areas adjacent to pacchionian granulations. These granulations 
were divided empirically but on the rationale that they might be acting as adhesions 
to make the brain locally more irritable, and a small piece of cellophane was inter- 
posed. Closure was then carried out in the usual manner. 

The postoperative course was encouraging, only one attack occurring between 
the operation and the time of discharge from the hospital. From October 1939 
until April 1940, while receiving % grain (15 mg.) of phenobarbital three times a 
day, the boy had no attacks whatever. The phenobarbital was then discontinued, 
and during the next two months the patient had an average of only one attack a 
week, in sharp contrast to the five or six daily seizures which he had suffered 
before operation. 

Unfortunately, in July 1940 the family moved to the Pacific coast, and contact 
with the child had been completely lost since then. 

Case 2. — J. K., a boy 4 years old, born in June 1936, developed normally until 
November 1938. When he was a little over 2 j^ears old an unexplained fever 
(temperature, 106 F.) developed, during the course of which he had a generalized 
convulsion lasting several minutes. During the next two years he had a generalized 
convulsion about every three months. 

On Feb. 21, 1940, however, the patient had four seizures, all confined to the 
right side, consisting of twitchings of the right arm and leg and the right side 
of the face and turning of the head to the right. These lasted from one to four 
minutes. Apparently, the initial movement appeared always in the thumb and 
index finger but spread almost instantly to involve the entire right side of the 
body. It could not be definitely ascertained whether or not the patient was 
entirely unconscious during the attacks, but it is thought not, for immediately 
after the seizures he would get up, rub his left eye, complain of pain in it and 
then resume play. After the abrupt onset of these attacks he suffered three or 
four seizures daily. 

On April 27, 1940 the patient suddenly became worse. On that date he had 
fifteen right-sided seizures, similar to those described, and on the next day thirteen. 
Simultaneously with this exacerbation there developed severe spastic weakness 
of the right arm and leg, so that the child dragged his leg in getting about. 
During the next month these attacks continued to occur many times daily, in 
spite of administration of 2 to 4 grains (0.13 to 0.26 Gm.) of phenobarbital daily, 
and the paresis increased. On June 10 the right hand was completely paralyzed, 
and the right leg was held in constant spastic extension. There was considerable 
aphasia. 
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The pneumoencephalograms were normal. The electroencephalograms showed 
grossly pathologic high voltage, slow waves, with a frequency of 1 to 6 per second, 
over both hemispheres. Faster spike components, with a frequency of 10 to 20 
per second, were also often observed. These spike formations were more fre- 
quently seen over the right hemisphere, while the large, slow components favored 
the left. 

On June 13, with the child under anesthesia induced by aA’ertin with amylene 
hydrate, a large osteoplastic flap was turned up on the left side. The cortex 
appeared normal in all respects. Cortical stimulation was carried out, with an 
interrupted current of 2 volts at a frequency of 60 cycles per second. Response 
was obtained from only a single point, and this appeared to be primarily sensorj'. 
Each time a certain point, presumably in the postcentral gyrus, was stimulated, 
the patient would cry out sharply and move his right hand and arm in a voluntary 
fashion. 

Electrocorticograms were then made from forty points on the exposed cortex, 
which were numbered and photographed. These tracings showed diffuse electro- 
cortical dysfunction involving the tested areas of tlie exposed cortex, but maximal 
near the superior border of the hemisphere, in what was taken to represent the 
primary motor area for the upper extremitj-.- These observations have been 
reported in detail in another article.^ Extirpation did not appear justified; hence 
the exploration was brought to a close without any therapeutic measure being 
carried out. 

At the time of discharge from the institute, on June 23, the patient’s status 
was essentially the same as it had been before operation; that is, he was severely 
hemiparetic on the right side of the body and almost totally aphasic. He was placed 
under treatment with phenobarbital, 0.090 Gm. daily, but during the second day 
at home he had seven seizures. For this reason the dose of phenobarbital was 
increased to 0.150 Gm. daily. During the next six to eight weeks he suffered 
six to eight attacks daily. After that the attacks gradually lessened in frequency 
and severity. From September 1940 to February 1941 he had only three seizures. 
At this time the amount of the drug received was reduced to 0.060 Gm. (on some 
days only 0.030 Gm.) dail}'. Between Februar 3 '- 1941 and May 1941 he had no 
attacks. 

I last saw this patient on Oct. 27, 1941. At this time he showed amazing and 
baffling improvement. Both the right hemiparesis and the aphasia had disappeared 
completely. He was bright, active and talkative. Since May 1941 he had 
been taking 0.060 Gm. of phenobarbital daily, and during this time he had not 
had a single convulsive episode. 

Case 3. — ^F. F., a boy aged 3 years 9 months, was first seen at the Neurological 
Institute in March 1938. He had had a normal birth and had been apparently 
well until November 1937, when he was about 2j4 years of age. At that time 
there was an abrupt onset of seizures, which consisted of transient twitching of 
the left orbicularis palpebrarum muscle and of the left arm, lasting only two 
to three seconds. In the arm the movements consisted simply of sudden flexion of 

2. Scarff, J. E. ; Primary Cortical Centers for Movements of Upper and 
Lower Limbs in Man ; Observations Based on Electrical Stimulation, Arch. Neurol. 
& Psychiat. 44:243-299 (Aug.) 1940. 

3. Scarff, J. E., and Rahm, W. E., Jr.: The Human Electrocorticogram, J. 
Neurophysiol. 5:418-426 (July) 1941. (Detailed case records published with 
reprints.) 
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the fingers, wrist and elbow. These isolated jerkings recurred as often as once every 
twenty to thirty minutes. There was no loss of consciousness, tongue biting or 
incontinence during the attacks. Coincident with the onset of these seizures, there 
began a slowly developing spastic weakness of the left arm and leg, which caused 
him to drop objects from his left hand and to drag his left foot. He seemed 
to be unusually intelligent and likeable. Psychometric tests showed him to be of 
superior intelligence. 

The roentgenograms were normal. The pneumoencephalogram showed slight 
generalized cerebral hypoplasia, possibly more pronounced on the right side. Electro- 
encephalograms showed large, slow pathologic waves (1 to 5 per second), generally 
over both hemispheres, together with intermittent fast spikes (12 to 20 per second). 
These various pathologic components were all noticeably lateralized to the -right 
side of the brain. 

On May 25, 1939, with the patient under anesthesia induced by avertin with 
amylene hydrate supplemented with a local anesthetic, the right cerebral hemisphere 
was explored as far superiorly as the mesial border. There was more subarachnoid 
fluid than is normally present. Nothing else of apparent significance was noted. 
Electrical stimulation of the cortex was attempted with a faradic current from an 
induction coil, but, although a strong current was used, the entire hemisphere 
was extremely refractory and only one motor point, that for the fingers, could be 
identified. Electrocorticograms were not being made at this time. Since exploration 
had yielded no indication for further procedure, closure was made. 

The immediate postoperative convalescence was uncomplicated, and the child 
was discharged on June 6, 1939, with instructions to take 0.030 Gm. of pheno- 
barbital three times a day. Under this therapy, the attacks occurred with the same 
frequency and severity (at times every twenty minutes) as they had previous to 
the operation without the drug. Accordingl}% in April 1940 phenobarbital was 
discontinued and dilantin, 0.1 Gm. twice a day, was substituted. After this the 
patient improved somewhat. He was last seen in April 1941, at which time he was 
having attacks similar to those previously suffered, but occurring never more 
than three times a day and often not at all for a week or two. The paresis, how- 
ever, had slowly progressed. The entire left side of the body was hypoplastic and 
spastic. The arm was held flexed at the elbow and wrist, with marked loss of 
power. The leg was much less involved. Curiously, though, there was transient 
clonus of both legs, with a persistent Babinski sign on the left and an equivocal 
one on the right. 

Case 4. — L. R., a boy 4 years old, had an unexplained fever (temperature of 
102 F.) in March 1939, without apparent immediate sequelae. In June 1939 he 
suddenly began to have spells characterized by pain in the arm, followed almost 
immediately by extension of the right arm and the right leg, occasionally accom- 
panied by a few mild clonic movements. The child fell but did not lose conscious- 
ness and usually cried. Such an attack lasted about five to ten seconds. When 
the extremities relaxed, the child would stop crying and say, “I feel okay now,” 
and resume his play. The entire episode required about fifteen to twenty-five 
seconds. These attacks occurred about six times daily. 

When he was first admitted to the Neurological Institute there was no paresis 
of the affected side and the reflexes were essentially normal, both before and 
immediately after an attack. But after about ten days there appeared slight weak- 
ness of both the right arm and the right leg, and this increased rapidly into 
pronounced right spastic hemiparesis. Psychometric tests gave the child a verv 
superior rating. 



SCARFF—PSEUDOJACKSONIAN EPILEPSY 


229 


Roentgenograms of the skull were normal. Pneumoencephalograms revealed 
slight h 3 'poplasia of the left cerebral hemisphere. Electroencephalograms suggested 
a convulsive disorder with a focus in the right frontal and motor region, more 
frontal than motor. 

A right craniotomy was performed on July 26, 1939, with the patient under 
anesthesia induced by avertin with am 5 deiie hydrate supplemented b}" a local 
anesthetic. The exposed cortex was hyperemic; the gyri were narrow and the 
sulci \wdened. There were lakes of cerebrospinal fluid between many of the gyri. 
Cortical stimulation was carried out with faradic current, and the primary motor 
areas for the upper extremity were identified. Electrocorticograms taken from 
these varied points were essentially normal. Unusually dense pacchionian granula- 
tions were present along the superior mesial border of the hemisphere, both in the 
superior portion of area 6 a-/3 and posteriori}' in area 5, and these were divided, 
for reasons which will be discussed elsewhere. 

The immediate postoperative course was uncomplicated, but there continued 
to be steadily progressive right hemiparesis, which at the time of his discharge, on 
August 12, was pronounced. He was still having five to ten right-sided seizures 
daily. 

The patient was seen on Nov. 20, 1940, at which time he had almost an 
athetosis of the right arm and hand, and when he walked he lifted his right leg 
high and slapped his foot, flail-like, to the ground. He was fairly bright. He had 
been taking phenobarbital, 0.030 Gm. three times a daj', under which regimen 
he had had no convulsive seizures during the dajdime for eight months, although 
he was having some at night. 

The child was last seen on April 17, 1941. At that time he was suffering from 
right hemiparesis with severe spasticity and, in addition, was beginning to experi- 
ence transient spastic states in the left arm and leg. He was unable to stand or 
even sit alone. He appeared doped and would have fallen off his chair had he not 
been supported by his mother. These findings suggested progressive, bilateral, 
degenerative disease of the brain, or possiblj' some rare neoplasm. The mother 
was advised to bring the child for further studies, to include pneumoencepha- 
lographic examination, but she refused. She has also refused to bring the child 
back to the clinic for reexamination. 

Case 5. — E. M., a girl 7 j'ears old, born in January 1932, was apparently well 
until November 1937, when she was 5 years old. At that time she had a generalized 
convulsion while at school. Seizures were present intermittently for four and a 
half hours. The patient was unconscious during this time. After the general 
seizure ceased, twtchings of the right side of the face persisted for some time. 
After this episode, the patient was well for ten months, until Aug. 6, 1938, when 
she was awakened from a sound sleep with “twitchings” of the right arm and 
leg, which lasted for five minutes. These recurred at frequent intervals during 
the next twelve hours and thereafter with decreasing frequency during the next 
seven to eight days, after which the patient again seemed well. However, in 
October 1938 she began to experience “twitchings” of the right leg below the knee, 
lasting two to three minutes and recurring three to four times daily. 

By April 1939 these spells had increased greatly both in severity and in frequency'. 
The “shaking” spells had originally involved only the leg, but now affected also 
the arm. They lasted five to six minutes at a time and were so violent as to 
make the bed shake. During all of this time the left side of the body remained 
entirely unaffected; there was no incontinence, and the patient remained entirely 
conscious throughout. These shaking spells recurred almost continuously, with 
only a few minutes between them, for four to six days at a stretch, and then the 
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patient might have none at all for seven to fourteen days. Lately, between attacks, 
there had been isolated, single simultaneous twitchings of the right arm and the 
right leg. Phenobarbital, 0.03 Gm. three times a day; calcium lactate, 0.6 Gm., 
and a high fat and low fluid diet were all tried, but this situation had obtained 
without much variation for six to eight months, when she was finally admitted 
to the Neurological Institute on April 13, 1939. 

Since November 1938 the parents had noticed an increasing tendency to drag 
the right leg in walking and to stumble. There appeared to be no weakness 
of the upper extremity. After attacks, however, speech was often confused and 
unintelligible. 

The results of neurologic examination were entirely normal except for ankle 
clonus on the right side. There were normal plantar responses bilaterally. The 
child was pleasant, and psychometric tests revealed normal intelligence for her age. 

Pneumoenccphalograms revealed a moderate degree of cerebral hypoplasia, more 
pronounced on the left. Electroencephalograms were characterized by extremely 
large, pathologic slow waves, at a rate of about 2 per second, appearing generally 
over both hemispheres but distinctly lateralized to the left. On the left side these 
slow waves showed foci ranging anteroposteriorly from the postcentral area into 
the anterior portion of the frontal lobe; they were larger over these regions than 
more posteriorlj', over the occipital lobe and the parieto-occipital area. Along with 
the slow delta waves, a spike component was often noted, resulting intermittently 
in large wave-spike contours. The pattern indicated diffuse cortical involvement, 
much more extensive on the left side. 

On April 15 exploration of the left cerebral hemisphere was performed with 
the patient under anesthesia induced by avertin with amylene hydrate supplemented 
with a local anesthetic. There was slightly more subarachnoid fluid than is usually 
seen at operation, but the gyri and sulci appeared normal. The entire superior 
mesial border of the hemisphere was involved, with an unusually dense plexus 
of veins passing into the superior longitudinal sinus, and these, in turn, were bound 
up in peculiarly dense pacchionian granulations. Stimulation of the cortex with 
weak currents obtained from the thyratron stimulation produced isolated move,- 
ments from the various primary motor areas of the upper extremity, but as the 
superior mesial border of the hemisphere and the dense pacchionian granulations 
associated with it were approached, stimulation at various points with even a 
weak current produced abrupt, powerful mass movements of the entire lower 
extremity, suggesting movements which the limb might assume in locomotion. 
This region appeared hyperirritable to stimuli, and on the chance that the dense 
attachments between cortex and dura afforded by the pacchionian granulations 
might be contributing to this irritability, I divided them and interposed a small 
piece of cellophane between the divided ends of the veins and granulations. Closure 
was then made in the usual manner. 

The postoperative course was uncomplicated. The child was placed under treat- 
ment with phenobarbital, 0.015 Gm. three times a day. At the time of discharge 
she seemed definitely better than before operation. There was a progressive 
reduction in the number of “twitchings” of the right leg, and for five days prior 
to discharge there had been none at all. The gait, too, was much improved, and 
the spasticity of the right leg appeared to be much less than before operation. 
There was, however, very slight twitching of the right side of the mouth. She 
was last seen on April 29, 1940, about one year after operation. At that time 
she was still taking phenobarbital, the same dose as before. During the year 
just ending she had had seizures similar to her severe preoperative attacks on 
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only two occasions. In October 1939 seizures occurred during a period of about 
a week, gradually subsiding spontaneously. About April 10, 1940, she had several 
attacks during a three day period, but these were mild. She was still bothered 
by momentary, single “ticlike” twitchings of the left eyelid, but on the whole 
she was much better than she was before operation. 

Case 6. — T., a girl aged 19 years, was admitted to the Neurological Institute 
in May 1939, complaining of seizures involving the right side. In 1932, when 
12 years old, she began to experience episodes during which she suddenly became 
inattentive and unresponsive, usually with simultaneous twitching of the right 
leg and arm. Sometimes there was almost no twitching; at other times there 
were ratlier severe jerking movements, involving the face as well as the arm and 
leg. As a rule, these attacks lasted twenty to thirty seconds ; the left side of the 
body was not involved, and the patient did not lose consciousness. These attacks 
recurred four to eight times during twenty-four hours, or several weeks might 
pass without them. In addition to these attacks, since 1934 the patient had had 
each year from one to tliree true Jacksonian convulsions, starting with coarse, 
clonic movements in the right arm and spreading in typical fashion to the right 
leg, accompanied by loss of consciousness, incontinence and biting of the tongue. 
During the past year she had been receiving dilantin, 1 capsule (0.1 Gm.) three 
times a day, and phenobarbital, 0.06 Gm. three times a day. 

Examination at the time of admission revealed nothing abnormal except for 
slight hyperreflexia and a Babinski sign and slight reduction of stereognostic 
sense on the right side. The patient was naturally left handed. Psychometric 
tests showed her to be of very superior intelligence. Pneumoencephalograms 
revealed mild cerebral hypoplasia on the right ( !) side.'^ 

On June 8, 1939, witlr the use of local anesthesia, extensive exploration of the 
left cerebral hemisphere was performed. The gyri and sulci appeared to be normal ; 
there was no excess of subarachnoid fluid. 

Electrical stimulation with the thyratron gave sharply focal responses along 
the motor gyrus, which was easily identified throughout its length. At the junction 
of the precentral and postcentral gyri with the superior mesial border of the 
hemisphere there were unusually large, dense pacchionian granulations accom- 
panying a plexus of veins, which were remarkably large and numerous. Electrical 
stimulation with weak current at the superior border of the hemisphere produced 
a generalized convulsion, beginning with abduction of the arm and subsequently 
resembling somewhat the pattern of the clinical seizures seen before operation. 
Because the clinical evidence pointed to this region and the pacchionian granula- 
tions lay in an anatomically acceptable area and, finally, because stimulation at 
this point produced the only convulsion obtained, and one which did, in fact, 
resemble somewhat the preoperative clinical seizures, it was felt that there were 
sufficient- indications for dividing these granulations. Accordingly, this was done, 
and the divided ends were separated with Cargyle membrane. Closure was then 
made in the usual manner. 

The postoperative convalescence was uneventful, and the patient was discharged 
on June 21. She was last seen on May 25, 1941, almost two years after operation. 
During the six months just ended she had been taking dilantin, 1 capsule three 
times a day, and phenobarbital, 0.030 Gm. twice a day, somewhat less medication 

4. Casamajor, L. ; Smith, J. R. ; Constable, K., and Walter, C. W. P. : The 
Electroencephalogram of Children with Focal Convulsive Seizures, Arch. Neurol. 
& Psychlat. 45:834-847 (May) 1941. 
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than she had received preoperatively. She had experienced none of the severe 
Jacksonian seizures with loss of consciousness since her operation two years before, 
and the minor twitching episodes of the right arm and leg had been greatly reduced 
in severity and decreased to one-half their former frequency. 

Case 7. — R. G., a boy 8 years old, was admitted to the Neurological Institute 
in May 1939. At the age of 17 months he began to have tremors and jerking 
movements of the left arm, which lasted for only a few seconds. The spells 
recurred without change from the time the patient was 17 months until he was 
S years old. At the age of 5, however, the left leg stiffened each time the arm 
jerked. There was never any loss of consciousness. These seizures lasted for 
only a second or two. They might occur two to three times a day, or several 
weeks might pass without any attacks. During all this time the patient was 
receiving systematic phenobarbital therapy, under a physician’s direction, without 
apparent relief. 

Weakness of the left arm and hand was also noticed by the mother at the 
same time that the aforedescribed jerkings first appeared. No weakness of the left 



Fig. 1 (case 7). — A, preoperative roentgenogram of the skull, showing the 
position of the calcified subcortical cicatrix, about 1.5 cm. beneath the surface 
of the brain and about 1.5 cm. from the midline. The patient, a 12 year old boy, 
had had convulsions since he was Y/z years old. B, preoperative pneumoencephalo- 
gram. Note how the roof of the lateral ventricle has been pulled upward by the 
calcified subcortical cicatrix. In addition to the convulsions, severe, progressive 
left hemiparesis was developing prior to operation. 

leg was noted at that time, but when the boy first began to walk, at 17 months 
of age, it was observed that he dragged his left leg. 

The conditions just described persisted without essential change in character 
or degree until October 1938, seven months before the present hospitalization, 
when the patient was approximately 7j4 years old. At that time, however, the 
character of the spells changed drastically. In these new spells the patient first 
lost consciousness and the body stiffened; the head turned to the right; the right 
side of the face started to contract, and the right arm was abducted. In short, 
there occurred a typical Jacksonian seizure followed by generalized convulsions. 
From October 1938 until May 8, 1939 this boy had had three or four such attacks 
daily. 
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Simultaneously with the increase in severity of the attacks, there occurred a 
decided increase in the left hemiparesis. When admitted, the patient could hold 
nothing in his left hand and could not bear any weight on his left foot, but dragged 
it behind him. Psychometric tests showed that tlie patient functioned at a low 
average mental level despite his great physical disability. 

Electroencephalograms revealed abnormal, large, slow waves, with a rate of 

* 

2 to 6 per second, together with wave-spike contours, with a frequency of 2 to 3 
per second, over the central and postcentral areas of the right cerebral hemisphere 
and, to a lesser degree, over a similar portion of the opposite hemisphere. 

Plain roentgenograms of the skull showed a small deposit of calcium, about 
1 cm. in diameter, in the right central region, about 1 to 2 cm. to the right of the 
midline and about 1 to 2 cm. below the surface of the cortex (fig. 1). The pneumo- 
encephalograms showed an outpouching of the right ventricle toward the region 
of the calcific deposit just referred to, which indicated that the latter was a scar. 

On June 19, 1939 a right parietal craniotomy was performed, the primary 
motor gyrus incised and a subcortical, calcified cicatrix removed. By precise 



Fig. 2 (case 7). — A, the normal-appearing right cerebral cortex as first exposed 
at the operating table (retouched). B, the same area after excision of a calcified 
subcortical cicatrix (retouched). The numbers indicate primary motor points for 
the upper extremity as identified by electrical stimulation The dark line anterior 
and parallel to the numbers is the incision in the cortex through which the cicatrix 
was removed. 


measurements from suture lines, as revealed in the roentgenograms, and on the 
skull itself, a point on the surface of the brain was determined which, it was 
felt, was situated directly over the calcific deposit seen in the roentgenograms. 
Electrical stimulation of the cortex then revealed that the point lay directly on 
the primary motor gyrus in the hand area. With considerable trepidation this 
gyrus was incised lengthwise for a distance of 2 to 3 cm. and to a depth of 2 to 
3 cm. Here I found a firm, irregular, calcified cicatrix, which I removed. 

The immediate postoperative course was fairly smooth, and the patient was 
discharged on the thirteenth day. He has had no attacks of any sort during the 
nearly three years since the operation, in spite of the fact that he long ago stopped 
taking any medicament. In addition, there has been an entirely unexpected and 
considerable improvement in motor power and general use of his left arm and 
leg. His mother states that he is constantly on the go and that he is able to 
‘lick both of his brothers at either wrestling or fighting.” 
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COMMENT 

The primary purpose of this paper has been to describe for the first 
time a second ^ specific epileptic syndrome thus far observed only in chil- 
dren, To facilitate and provoke discussion, ! have called it “pseudojack- 
sonian” epilepsy of childhood. 

The cause and the pathologic mechanisms behind the clinical syn- 
drome, unfortunately, are not yet clear. Experience with these cases, 
however, suggests two mechanisms for consideration. The first is that 
anomalous pacchionian gi'anulations may produce irritation of a brain 
with a constitutionally low threshold somewhat as do adhesions, thus 
acting as a “secondary trigger mechanism” in releasing convulsive 
phenomena.^ This was the working hypothesis utilized in management 
of some of the earlier cases in the present series. 

The simultaneous and equal involvement of the arm and the leg on 
one side in rhythmic, repetitious and sometimes well sustained move- 
ments early suggested to me that these movements might represent frag- 
ments of some more complex action pattern having to do with loco- 
motion, possibly even a vestige of a phylogenetically earlier manner of 
propulsion, such as quadrupedal walking or swimming. 

The Vogts, in 1926, pointed out that strong stimulation of area 
6 a yS, near the superior mesial border of the hemisphere, would result 
in simultaneous mass movements of the two opposite extremities, and 
Foerster, in 1936, reported similar mass movements resulting from 
stimulating the superior border of the hemisphere not only anterior to the 
central sulcus (area 6 a y8) but posterior to it (area 5). Both of these 
areas, it will be noted, are the regions where the larger pacchionian 
granulations are located. 

If anomalous pacchionian granulations were to provide irritative 
stimuli to the brain, it is evident from the foregoing discussion that the 
irritation might easily fall on area 6 a ^ or area 5 and thus set off the 
mass movement of the contralateral arm and leg, described by Vogt and 
Vogt in animals and by Foerster in man. Under these circumstances, 
lysis of the granulation, with release of the brain, might remove the 
irritative stimuli to the brain which were causing these movements. It 
was this reasoning which led me to divide the pacchionian granulations 
in 4 of the cases. 

The results of dividing the pacchionian granulations gave some sup- 
port to the aforestated thesis. In 3 of the 4 cases in which this treat- 
ment was employed there was definite improvement, and this was most 
evident in the 2 cases in which electrical stimulation of the cortex 
revealed hyperirritability in the region of the granulation and in whidi 
the electrocorticograms showed dysfunction. In the fourth case, in 
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which division of the granulations failed to result in improvement, there 
had been no indication for the division other than the appearance of the 
granulations. 

A second mechanism is suggested in the last case (case 7). Here I 
was fortunate in having the identity and the precise location of the etio- 
logic factor, a subcortical cicatrix, revealed in the roentgenogram, since 
the lesion was calcified. It is highly significant that this cicatrix was 
close to the area held under suspicion during my long struggle with the 
first 6 cases, namely, the region close to the superior mesial border of 
the hemisphere and to the primary motor cortex. 

It is important to note that this lesion was entirely below the surface 
layers of the cortex. Whatever the pathologic and physiologic signifi- 
cance of this may be, its clinical and surgical significance is great, for 
this type of lesion would never be found by inspection of the exposed 
brain alone. 

The results of treatment in case 7 were so strikingly successful that 
it is evident that this case probabi}’’ holds the key to the specific treatment 
of this particular syndrome. Although one can only speculate, it seems 
likely that a similar cicatrix was the basic etiologic factor in the 5 pre- 
ceding cases (except case 4), the lesion being missed because it was not 
calcified. If this is true, then the role of the pacchionian granulations 
was simply one of tugging on and irritating the brain at a point where it 
had already become locally h 3 ^perirritable owing to the presence of an 
active subcortical cicatrix, and they thus served as secondary activating 
mechanism. Technical problems are inherent in the fact that the lesion 
is subcortical. It is probable that the seat will have to be sought for at 
the operating table with a bipolar electrocorticograph, much as one seeks 
metal buried beneath the gi'ound with electromagnetic indicators. 

There remains the final question as to the origin of the cicatrix itself. 
Unfortunately, on this point I have no data, or even good speculations. 
The physiologic effect of the cicatrix is worth a few words, however. 
It should be noted that the boy in case 7 had almost complete hemiparesis 
before operation. Despite the trauma incident to a longitudinal incision, 
K inch (1.27 cm.) long and inches (3.8 cm.) deep, splitting the 
primary motor gyrus, plus the trauma incident to the excision of the 
irregular cicatrix, the hemiparesis cleared up almost completely after the 
cicatrix was removed. I can explain this only by assuming that the scar 
must have been constantly irritating and have produced some edema 
about it, which impeded the function of the affected area of the brain, 
much as occurs with a glioma. With the removal of the irritating lesion 
the edema subsided and the surrounding brain could function normally. 
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summary 

An apparently specific epileptic syndrome occurring in children is 
described. It consists of repeated clonic jerkings of the extremities of 
one side of the body, starting abruptly and simultaneously in the arm 
and the leg, without “march” or loss of consciousness. The attacks 
occur with a rather constant frequency in each case, several to many 
times daily. 

Hemiparesis on the side of the seizures developed at one time or 
another in each of the cases studied. 

Pneumoencephalograms revealed mild diffuse hypoplasia of the 
affected brain in 6 of 7 cases. In 1 case a subcortical calcified, degen- 
erated area was revealed. Pacchionian granulations appeared unusually 
dense in 4 cases. 

Treatment with phenobarbital or dilantin was usually without effect 
on the seizures. 

Lysis of the abnormal pacchionian granulations produced decided 
improvement in 3 of 4 cases, and removal of the calcified mass gave relief 
from both seizures and hemiparesis in another case. 

Dr. Byron Stookey gave permission to use case material from the neurosurgical 
service of the Neurological Institute and assisted in the preparation of this 
manuscript. 

Neurological Institute of New York. 
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The following case of tumor of the midbrain is reported because it 
presented an unusual symptom, namely, sudden and complete deafness. 
Not many reports of this condition have appeared in the literature, and 
since the disorder is uncommon enough to be overlooked, even in the 
presence of other localizing signs of a lesion of the midbrain, the report 
of a single case seems warranted. Neighborhood symptoms, such as 
hypersomnolence, mental changes and palatal paralysis, were also present, 
but were not sufficiently outstanding to require special mention, par- 
ticularly since their significance is well recognized. 

REPORT OF A CASE 

History. — C. R., a white man aged 55, was admitted to the Mount Sinai 
Hospital on Oct. 11, 1940 with a history of impairment of hearing of eighteen 
months’ duration. At the time of the onset it was said that he complained of 
weakness and pain in the legs. There had also been increasing loss of sexual 
potency. The patient was nevertheless able to carry on his daily occupation 
until about two weeks prior to admission. At that time his wife noticed that he 
slept most of the time and that it was difficult to arouse him. 

One of us (M.S.) had been treating the patient at various intervals for 
impairment of hearing. It was found that the drums were retracted and that 
catheterization of the eustachian tubes afforded the patient some relief from his 
"stuffed head.” The deafness, however, was not of the conduction type, and 
nasopharyngoscopy and diagnostic catheterization disclosed no abnormalities about 
the eustachian tubes. An audiometer test done one week prior to admission showed 
a hearing loss of 40 to 60 decibels at the higher tone levels, whereas the impair- 
ment in the lower tone range was only 20 to 30 decibels. It was evident that 
the neural mechanism of hearing was definitely at fault. The vestibular nerve, 
however, appeared not to be involved. As the patient’s history disclosed that he 
had been imbibing considerable quantities of bootleg alcohol, the possibility of 
toxic neuritis of the cochlea was considered, and a preparation of the vitamin 
B complex was prescribed. When the patient, however, suffered sudden complete 

From the Neurologic and Otolaryngologic Departments, Mount Sinai Hospital. 
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loss of hearing and nystagmoid movements of the eyes were noted, an organic 
lesion of the brain was suspected, and the patient was admitted to the Mount 
Sinai Hospital for stud)'. 

Examination.— On admission the patient seemed to be resting comfortably and 
offered no subjective complaints. The drowsiness described by his wife was 
not observed at this time. The temperature, pulse and respiration were normal. 
The pupils were round, equal and regular; they reacted sluggishly to light and 
better in accommodation. The extraocular movements were normal. There 
were a few nystagmoid jerks during rotation of the eyes in all directions. Hearing 
was lost to both high and low notes, and there was absence of bone conduction 
bilaterally. The audiometer test revealed complete loss of hearing in both ears. 
External examination of the ears demonstrated old tubal catarrh, which was 
considered insufficient to account for the deafness. There was drooping of the 
right side of the soft palate, and the gag reflex was absent bilaterally. Both 
knee jerks were absent. The bladder was distended. 

Two days later the patient’s cerebration was found to be slow and out of 
proportion to the degree of his deafness. At this time the pupils were unequal, 
the right being larger than the left. Neither pupil reacted to light or on con- 
vergence. Spinal tap disclosed a pressure of 130 mm. of water. A Barany 
examination was attempted but was unsuccessful because of the patient’s mental 
hebetude. 

Course of Illness . — Within a week the mental dulness had progressed to a 
state of complete stupor with incontinence. It was difficult to arouse the patient 
for his meals, but when he was finally awakened he seemed to be alert and 
cooperative. A few days later, however, his responses became irrelevant, and he 
seemed to be confused. He tended to perseverate and had no recollection of 
recent events. He was also abusive toward his wife. Dehydration by intra- 
venous injection of sucrose was tried but had no effect on the patient’s mental 
state. The fundi remained normal, and there was no increase of intracranial 
pressure on repetition of the spinal tap. At this time, weakness of the right arm 
was noticed, and the deep reflexes in this limb were increased. 

Results of examination of the blood, urine and spinal fluid were without 
significance. Roentgen studies of the chest, mastoids and skull also failed to 
reveal any evidence of abnormality. 

The patient’s coma increased, and pulmonary edema developed, of which he 
died on October 28, seventeen days after admission. 

Autopsy. — ^Autopsy, performed by Dr., David R. Meranze, pathologist to the 
Mount Sinai Hospital, revealed the following changes : moderate aortic atheroma, 
slight diffuse dilatation of the heart with fiber atrophy, marked passive con- 
gestion and focal edema of the lungs, congestion of the spleen with focal hemor- 
rhage, cloudy swelling of the liver, subacute hemorrhagic cystitis and pronounced 
congestion of the kidneys. 

Aside from the presence of a neoplasm in the brain stem, the brain showed 
no abnormalities. The tumor extended from the posterior part of the hypothalamus, 
and infiltrated the midbrain and pons, its tail projecting between the cerebellar 
hemispheres, hollowing out a shallow indentation in both hemispheres and com- 
pressing the dorsal aspect of the medulla. The tumor involved the entire teg- 
mentum of the midbrain and pons, particularly on the left side. The aqueduct 
of Sylvius was displaced toward the right side without Iping blocked, so that 
it was possible to pass a probe through its entire length. 
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The microscopic examination of tire tumor was made by Dr. Charles Davison, 
neuropathologist of Montefiore Hospital. 

Sections of the hypothalamus, cerebellum and spinal cord were stained by the 
myelin sheath and hematoxylin-eosin methods. The myelin sheath preparations 
could not be made out well, as the paraffin sections did not take the stain well. 

Hypolhalaimis.— There was a fairly large tumor mass, which had a varied 
histologic picture. With low magnification, clusters of cells having a slight 
papillomatous appearance were seen surrounding free spaces or blood channels, the 
cells being arranged in a radiating fashion. With higher magnification, the cells 
around these vascular channels appeared to consist of irregularly shaped, densely 
stained nuclei, with little cytoplasm. An occasional mitotic figure was noted. 
Between these dense collections of cells there was a looser tissue in which the 
cells consisted essentially of fibrillary astrocytes. An occasional protoplasmic 
astrocyte was also observed. In other regions there were a few strands of polar 
spongioblasts, which had a slight palisade arrangement. In still other regions 
there were cells with densely packed, deeply stained, irregularly shaped nuclei 
and little cytoplasm. Some of these could be identified as ependymal cells. Among 
these were also mitotic figures. The prevailing cells throughout the tumor, how- 
ever, were fibrillary astrocytes. 

Microscopic Diagnosis . — The diagnosis was mixed glioma, essentially astrocy- 
toma or astroblastoma. 

The diagnosis of astrocytoma was made essentially because of the 
numerous fibrillary astrocytes. The possibility of an astroblastoma 
was considered because of the arrangement of cells around the free 
spaces, but this could not' be confirmed since no Cajal stains were made. 
In addition to the aforementioned glia cells there were spongioblasts, 
ependymal cells and atypical glia cells. 

COMMENT 

The outstanding feature of the case was the sudden onset of deafness 
in a man who had previously shown mild impairment of hearing. After 
otogenic causes had been ruled out, it was natural to assume that the 
condition was caused by involvement of the acoustic nerve. The asso- 
ciation of fixed pupils and absence of knee jerks suggested syphilis of 
the central nervous system (tabes), but the results of serologic studies 
were negative. A lesion of the pons involving both trapezoid bodies 
was also suggested, but it was only after the patient began to show other 
evidences of cerebral inA’^olvement that the cause of the deafness was 
sought elsewhere. 

As is well known, lesions which produce deafness as a rule involve 
the eighth nerve or its terminal filaments (Wilson It is less well 
known, however, that impairment of hearing may occur with lesions 

1. Wilson, S. A. K. : Neurology, Baltimore, Williams & Wilkins Company, 
1940, vol. 1, p. 410. 
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of the brain stem. In the pons, for instance, it may result from involve- 
ment of the trapezoid bodies. The impairment in cases of such a lesion 
is more likely to be unilateral and incomplete, because the size of the 
pons enables many fibers to escape compression. Horrax,^ in a study 
of 15 cases of pontile tumor, found severe bilateral impairment in 3 
cases, unilateral deafness in 4 cases and questionable impairment in 1 
case. 

In contrast to these observations, Brunner, in his monograph,^ 
described the syndrome of midbrain deafness in considerable detail and 
concluded that tumors of the tegmentum of the midbrain are more likely 
to give rise to sudden and complete deafness. This is due to the fact 
that the auditory pathways in this region, namely, the lateral lemnisci, 
the posterior colliculi, the brachia of the posterior quadrigeminate bodies 
and the medial geniculate bodies, are closely placed together in what has 
been described as the “isthmus acusticus.” Such lesions are usually 
associated with descending degeneration in the cochlear system down to 
the spiral nerve of the cochlea. Moreover, the small size of the midbrain 
and the compactness of its tissues enable a tumor of moderate size to 
compress the auditory pathways on both sides, as well as to produce wide- 
spread functional disorder of other systems. According to Brunner, 
deafness due to a lesion in the midbrain is usually a late symptom and 
therefore has an unfavorable prognostic significance. As a rule, it 
shows an unusually rapid, almost apoplectiform, progression and is 
associated with marked shortening of bone conduction and labyrinthine 
hyperexcitability. He expressed the opinion that the latter change is 
important in the differential diagnosis of tumors of the midbrain and 
those occurring lower in the brain stem or in the cerebellum. In the 
latter areas there is early destruction of the secondary pathways of 
the vestibular nerves, so that diminished excitability of the labyrinth 
may be observed before there is any definite impairment of hearing. 
One-sided lesions give rise to contralateral deafness, since the pathways 
on each side are connected with the opposite ear. Brunner classified 
the various conditions which give rise to the syndrome as follows: 

( 1 ) tumors of the tegmentum of the midbrain, caudal to the red nucleus ; 

(2) tumors of the transition zone between the thalamus and the mid- 
brain; (3) pinealomas; (4) suprasellar tumors, and (5) tumors of 
the quadrigeminate plate. 

In the first of Brunner’s cases, that of a woman aged 36, a tumor 
was observed occupying the posterior portion of the right thalamus and 

2. Horrax, G. : Differential Diagnosis of Tumors Primarily Pineal and Pri- 
marily Pontile, Arch. Neurol. & Psychiat. 17:179 (Feb.) 1927. 

3. Brunner, H. : Otologische Diagnostik der Hirntumoren, Berlin, Urban & 
Schwarzenberg, 1936, chaps. 8 and 9. 
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infiltrating the right cerebral hemisphere, on the one hand, and the 
tegmentum of the midbrain, on the other. Clinically the patient pre- 
sented the symptoms of drowsiness, pathologic attacks of sleep, flushing 
of the face, fixation of the pupils to light, paralysis of upward gaze, 
cerebellar signs, increased intracranial pressure, tinnitus and severe 
bilateral deafness, which came on rapidly within the space of ten days. 
Both labyrinths were found to be hyperexcitable. 

In his second case a man of 30 presented inequality of the pupils with 
fixation to light, limitation of upward gaze, cerebellar signs, papilledema 
with secondary optic nerve atrophy, signs of increased intracranial 
pressure, left-sided deafness with subjective tinnitus and prompt response 
of the labyrinth to caloric stimulation. At autopsy a pinealoma was 
observed which filled the posterior portion of the third ventricle and 
infiltrated the quadrigeminate plate and the tegmentum of the midbrain. 
The left cochlear nerve showed degenerative atrophy, while the right 
one was ‘normal. 

In Siebenmann’s ^ case a youth of 18 had a large gliosarcoma of the 
pineal gland, which had infiltrated the entire quadrigeminate plate, the 
tegmentum of the midbrain, the posterior portion of the third ventricle, 
the entire posterior half of the right pulvinar and the anterior portion 
of the cerebellum. The illness lasted twenty months. Five months after 
the onset the patient began to complain simultaneously of bilateral 
tinnitus and impairment of hearing. Hearing failed rapidly, so that 
one month later he was completely deaf. He also showed beginning 
optic nerve atrophy with diminished vision, complete paralysis of the 
extraocular muscles (exclusive of the rectus internus and rectus 
externus), accommodation paralysis of both pupils, anisocoria, lack of 
response to light, slowness of speech and apathy. There was loss of 
bone conduction, while air conduction was still present. Later air con- 
duction was also lost. The microscopic studies in this case revealed that 
the primary cochlear nuclei and cochlear nerves on both sides were 
normal. Siebenmann stated that diminution of hearing could be ascribed 
to a tumor of the midbrain if (1) the deafness occurred together with 
other cerebral symptoms related to the tumor and (2) if the deafness 
showed a strikingly progressive character. 

Siebenmann also summarized a number of similar cases previously 
repoi'ted in the literature. In all of them deafness became complete within 
four to eight months after it was first observed. Some of the other 
symptoms described in these cases were epileptic seizures, ataxia, speech 
disturbances, incontinence of urine, apathy, stupor, excitement, destructi- 

4. Slebermann, F. : Ueber die zentrale Horbahn und fiber ihre Schadigung 
durch Geschwfilste des Mittelhirns speciell der Vierhfigelgegend und der Haube, 
Ztschr. f. Ohrenh. 29:28, 1896. 
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bility, amnesia and depression. In addition, hydrocephalus and evidences 
of increased intracranial pressure usually occurred early as the result 
of obstruction of the aqueduct. Pupillary changes and extraocular 
muscle palsies were frequently present, while tinnitus occurred but was 
not the rule. 

^^^einland’s ® case was that of a man of 25 whose illness lasted two 
years. Twenty months after the onset there was pronounced impair- 
ment of hearing on the right side, papilledema with beginning optic 
nerve atroph}'', anisocoria, sluggish reaction of the pupils in accommoda- 
tion, slow and difficult speech, amnesia and depression. Section revealed 
a glioma, the size of a walnut, situated over the left half of the quad- 
rigeminate plate. The lateral lemniscus had entirely disappeared in the 
region of the left quadrigeminate plate and showed definite degenera- 
tion in the proximal portion of the pons. There was also round cell 
infiltration of both acoustic nerves. 

Horrax and Bailey ^ found that in 5 out of 12 cases of tumor of 
the pineal body some degree of central deafness was present, being 
complete in 3 cases. They ascribed it to pi-essure on the inferior colliculi. 

In the case of Harris and Cairns,' that of a young man of 20 with 
a pineal tumor, marked impairment of hearing developed on the left 
side twelve months after the onset of symptoms. This cleared up after 
removal of the tumor. They also ascribed the deafness to compression 
of the posterior quadrigeminate bodies. 

The condition of the pupils in our case was the only localizing 
sign directly referable to the midbrain. On admission both pupils 
reacted sluggishly to light and better on convergence, and within a few 
days they became unequal and fixed. The absence of increased intra- 
cranial pressure was surprising, since it is well known that with tumors 
of the midbrain there is early blocking of the iter, with production of 
obstructive hydrocephalus. The absence in our case can be explained by 
the fact that the tumor had merely displaced the aqueduct to the right, 
without encroaching on its lumen, so that the occlusion was not com- 
plete. Thus, a probe could easily be inserted the entire length of the 
aqueduct. The evidences of bulbar involvement, namely, weakness of 
the palate and dysphagia, were apparently due to involvement of the 
bulbar nuclei by compression of the dorsal aspect of the medulla. 

5. Weinland, E. : Ueber einen Tumor der VierhugeJgegend und uber die 
Beziehungen der hinteren Vierhugel zu Geistesstorungen, Arch. f. Psychiat. 26:363, 
1894. 

6. Horrax, G., and Bailey, P. : Tumors of the Pineal Body, Arch. Neurol. 
& Psychiat. 13:423 (April) 1925. 

7. Harris, W., and Cairns, H.: Diagnosis and Treatment of Pineal Tumors, 
Lancet 1:3, 1932. 
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SUMMARY 

A case is reported of sudden and complete deafness resulting from 
a glioma which infiltrated the tegmentum of the midbrain. The other 
localizing signs were the presence of sluggishly reacting pupils, which 
later became unequal and fixed, and pathologic drowsiness and mental 
symptoms resulting from involvement of the hypothalamus. In addi- 
tion, extension of the tumor to the medulla gave rise to weakness of 
the soft palate and dysphagia. An unusual feature of the case was the 
absence of increased intracranial pressure. This was explained by incom- 
plete occlusion of the aqueduct of S)dvius. 

269 South Nineteenth Street. 

1723 Pine Street. 
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ATYPICAL SEIZURES ELICITED BY ELECTRICAL 
STIMULATION OF THE CEREBRUM 
IN THE CAT 
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Since the pioneer work of Fritsch and Hitzig^ in 1870 and of 
Ferrier - in 1873, many investigators have stimulated the cerebral cortex 
of animals and of man. Most such experiments have been carried out 
with the bi'ain exposed and the subject anesthetized, at least lightly, or 
controlled with local anesthesia. Talbert,® in 1899, using a method and 
(according to a recent personal communication) the very electrodes 
devised by Ewald,'* reported the results of stimulation of the cortex of 
unanesthetized and unrestrained animals in whose skulls were implanted 
permanent electrodes. It is surprising that Talbert’s' work was for so 
long a time unappreciated, since work in this laboratory for several 
)'^ears ® has indicated the value of implanted electrodes in cortical 
stimulation. 

From the Department of Anatomy, Vanderbilt University School of Medicine. 

This work was made possible through a grant from the John and Mary R. 
Markle Foundation. 
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hirns, Arch. f. Anat., Physiol, u. wissensch. Med. 36:300-332, 1870. 
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3. Talbert, G. A.; Some Experimental Studies in Cerebral Localization, 
Philadelphia M. J. 4:1024-1029, 1899. 

4. Ewald, J. R. : Ueber kiinstliche Reizung der Grosshirnrinde, Deutsche med. 
Wchnschr. 24:180, 1898. 

5. Clark, S. L, and Ward, J. W. : Electrical Stimulation of the Cortex 
Cerebri of Cats: Responses Elicitable in Chronic Experiments Through Implanted 
Electrodes, Arch. Neurol. & Psychiat. 38:927-943 (Nov.) 1937. Ward, J. W.: 
The Influence of Posture on Responses Elicitable from the Cortex Cerebri of 
Cats, J. Neurophysiol. 1:463-475, 1938. Clark, S. L, and Ward, J. W.: The 
Influence of Stimulus Strength and Duration on the Responses from Cortical 
Stimulation Through Implanted Electrodes, Am. J. Physiol. 131:650-658, 1941. 
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Convulsions elicited in unanestlietized and unrestrained animals by 
electrical stimulation of fixed cortical points “ were similar to jacksonian 
epileptic attacks in man. The animals exhibited rapid clonic movements 
of the extremities, which came in a definite order or march and were 
accompanied by evidence of visceral involvement. For a short time after- 
ward the placing reactions were reduced or absent, in a manner com- 
parable perhaps to the postseizure occurrence of the Babinski response 
as observed in man (Notkin, Coombs and Pike'^). The extent of the 
convulsions and the pattern depended on the location of the electrode 
and the strength and the duration of the stimulus employed. Of some 
significance is the fact that the convulsions could be repeated from day 
to day in the same animal. 

In several instances in the experiments described by Ward and 
Clark ® an unexpected variation of the typical jacksonian seizure was 
observed (page 1223). 

[After a clonic seizure] the hindlegs appeared to be in a state of hyperextension, 
which caused the animal to walk almost on the toes, with the hindquarters well 
elevated; the forelegs were flexed at the elbows. On walking, stepping was 
exaggerated in the hindlimbs, with each foot lifted high in turn. In some cases 
only one hindlimb was involved. 

The similarity of these movements to those observed after electrical 
stimulation of the cerebellar cortex in the unanesthetized cat ® was 
evident. From the cerebellum seizures were obtained which showed 
three phases ; the first, with the -stimulus ; the second, appearing as a 
rebound to the first, and immediately after the end of the stimulus, and 
the third, prolonged and involving the various parts of the animal in a 
series of relatively slow movements in a definite sequence lasting several 
minutes. This sequence of movements was further described as 
resembling a “slow motion” picture. 

The present paper is concerned with similar “slow” seizures as 
produced by stimulation of the cerebral cortex of unanesthetized and 
unrestrained cats. 

METHOD AND MATERIAL 

The observations were made on a series of 84 adult cats which, while being 
used for other experiments, were prepared and stimulated in a similar manner. 
In 62 of these cats convulsive seizures were produced in the course of the experi- 

6. Ward, J. W., and Clark, S. L. : Convulsions Produced by Electrical 
Stimulation of the Cerebral Cortex of Unanesthetized Cats, Arch. Neurol. & 
Psychiat. 39:1213-1227 (June) 1938. 

J"’ Coombs, H. C., and Pike, F. H. : Clinical and Experimental 
Observations on the Babinski Reversal, Cardiovascular Reactions, Respiratory 
mid Pupillary Changes During the Convulsive and Post-Convulsive Stages of 
Ceneral and Experimental Epilepsy, Am. J. Psychiat. 11:679-735, 1932, 

8. Clark, S. L. : Responses Following Electrical Stimulation of the Cere- 
bellar Cortex in the Normal Cat, J. Neurophysiol. 2:19-35, 1939. 
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merits on them, and so they constitute the significant portion of the series for 
this study. With the animal under anesthesia induced with soluble pentobarbital 
U. S. P., electrodes were planted on the cerebral cortex. The cat was stimu- 
lated within twenty-four hours, or as soon as the anesthesia had sufficiently abated. 
The electrode consisted of a stainless steel tube with a tapering threaded end, 
containing in its axis a silver wire. The wire was fused into the middle of a 
glass rod, and this was encased in a rubber tube, all of which fitted tightly in 
the steel tube. The exposed tip of the silver wire embedded in the glass rod was 
ground flush with the glass, so that it would not injure the brain. The tube 
was screwed into a trephined hole in the skull far enough to touch the surface 
of the cerebrum through an opening in the dura. These plugs were allowed to 
remain for periods ranging from twenty-four hours to two months. From one to 
six plugs were placed on the cortex of each animal. 

Through a detachable extension cord, electrical stimuli of controlled duration 
and voltage were applied to the cortex. The stimulating current was obtained 
from the 60 cycle, 110 volt lighting current, passed through a transformer and 
controlled by a rheostat. The usual duration of stimulation was two to four 
seconds, and the strength varied from 0.5 to IS volts, as determined at the time 
of stimulation by a voltmeter across the leads to tlie cat. 

Conditions of stimulation varied greatly, but usually a threshold response was 
obtained, requiring from three to five stimuli of low intensity, and then the 
voltage of a subsequent stimulus was doubled with the purpose of producing a 
seizure. 

Detailed observations were taken on all stimulations, with as careful recording 
of movements during the seizure as possible. 


RESULTS 

Of the 62 cats which had convulsions in the course of experiments 
on them, 30 exhibited the unusual type of seizure to be described. We 
do not mean to place statistical value on these figures because the 
series is a select one. The slow seizures were produced by stimulation 
of many points on the exposed surface of the cerebrum (fig. 1). Other 
points not indicated in the figure include two on the gyrus cingulus, 
above the middle of the corpus callosum. The description of the seizure 
is best made by giving parts of three typical protocols. 

Cat 1. — This animal gave a threshold response to a stimulus of 1 volt for 
two seconds from an electrode on the left motor area. The primary response 
was extension and protraction of the shoulder and elbow of the right foreleg. 
Three minutes after the last of seven stimuli at one minute intervals, a stimulus 
of 9 volts was applied for two seconds. 

With the stimulus, there was immediate, strong clonic movement of the contra- 
lateral foreleg, followed by strong flexion of the contralateral hindleg. The animal 
then became quiet, holding a rather strained posture until about forty seconds 
after the stimulus, when the contralateral forepaw began to lift sloAvly and 
rhytlimically. The head then turned slowly to the contralateral side and was 
followed in about ten seconds by replacement of the contralateral foreleg to the 
floor and slow lifting of the homolateral foreleg until the paw was over the head. 
For twenty seconds this leg was held thus and then lowered slowly to the floor. 
Ten seconds later both forelegs were lifted slowly and then gradually replaced. 
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with slow lifting persisting in the homolateral limb for twenty-five more seconds. 
The homolateral hindleg then began to lift 'slowly, the tail being turned in that 
direction. The cat would respond to stroking. Both hocks were then turned in 
and subsequently turned outward, with the animal walking in a “cake walk” 
fashion. Both the hindlegs lifted alternately and slowly, action dying out first 
in the homolateral leg but persisting in the contralateral one for thirty seconds 
longer. The tail was turned to the contralateral side while the contralateral 
hindleg was involved. The entire seizure lasted four minutes, and the cat cried 
frequently, in a gentle manner. 

Cat 2.— This animal had two electrodes on the right frontal cortex; through 
the anterior one extension of the right forelimb at the elbow and shoulder was 
elicited with a threshold of 1.5 volts for two seconds. Three previous stimuli 
were given; then, after a ten minute lapse, a stimulus of 4.5 volts was applied 
for two seconds. With this stimulus there was strong flexion of the contralateral 
forelimb, followed by clonus of all four limbs. This persisted for about twelve 




Fig. 1. — Two views of the cerebrum (anterior and dorsal) of the cat, showing 
the location of points from ^yhich slow seizures were elicited by stimulation 
through implanted electrodes. The cruciate sulcus is conspicuously shown crossing 
the median longitudinal fissure. 


seconds; then the animal got to its feet and slowly lifted the contralateral fore- 
paw. When this extremity was replaced, the contralateral hindleg began to lift 
slowl}’’ and rh 3 '^thmically. This persisted for about twenty seconds and then 
ceased ; the tail turned tew the homolateral side, and after thirty seconds the homo- 
lateral hindleg began to lift in a slow manner. After forty seconds all activity 
ceased. A minute later slow, pleasure reactions appeared in the homolateral 
forepaw, the head being turned to the homolateral side. The pleasure reactions 
ceased, and the head turned to the contralateral side for a few seconds and 
finally returned to the midline. This seizure lasted about five minutes, but 
the placing reactions were not normal in any of the extremities for over eight 
minutes. Electrocorticograms were taken during the seizure, but were not con- 
spicuously abnormal. 

Cat 3. This animal 'was stimulated through an electrode on the anterior end 
of the posterior suprasjdvian gj^us on the right side. With the stimulus (6.7 
volts for four seconds) there was immediate extension of the homolateral foreleg. 
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After thirty-five seconds the contralateral foreleg began to lift slowly, alternating 
with the homolateral extremity. The contralateral hindleg followed with similar 
slow lifting. The tail then turned to the homolateral side, followed by turning in 
and then turning out of the hocks and overstepping of both hindlegs. The homo- 
lateral hindleg then lifted slowly, and the cat tended to fall to that side. Twenty- 
five seconds later the homolateral foreleg lifted high over the homolateral ear. 
The entire seizure lasted about three minutes. 

As seen from the protocols, the t 3 'pical complete slow seizure 
occurred on stimulation of the cerebrum with a fairly strong stimulus 
(as judged by the threshold for elicitation of minimal activity). After 
such a stimulus, there was usually an immediate strong clonic seizure 
of short duration which involved strong flexion of the contralateral limbs. 
There was often associated pupillary dilatation. After a lapse of several 



Fig. 2. — Three diagrams designed to show the sequence of involvement of the 
extremities, head and tail of tlie cat in the three complete patterns of slow 
seizures. In each case the stimulus is represented as being applied to the left 
motor area. The sequence of involvement following response of the primary 
forelimb is indicated by the solid lines, with arrow points. Dotted lines with 
arrows indicate the beginning of a possible repetition of the seizures. Similarity 
in shape of the solid lines with arrows in diagrams A, B and C to the letters 
C, 5" and U, respectively, explains the designation of these patterns in the text. 

seconds the slow seizure commenced. The opening movement was a 
slow, deliberate, gentle lifting of the contralateral, “primary” extremity 
(i. e., a foreleg when the plug was on a "foreleg area”; fig. 3). From 
this point the sequence was open to some variation. Three general 
patterns were observed. 

The most common sequence of involvement of the limbs we have 
designated as the C pattern (fig. .2.^4). The contralateral forelimb was 
usually involved first ; then the movement spread to the homolateral fore- 
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limb. These movements persisted for several seconds, and then the 
homolateral hindlimb began its slow movements; these in turn ^yere 
followed by movements of the contralateral hindlimb. The action might 
then spread back to the primary limb and the entire process be repeated, 
but this was rare. 

The pattern seen next in frequency was the S pattern, which, inci- 
dentally, was observed most commonly in the cerebellar seizures ^ 
(fig. 2B). After the slow lifting of the primary (contralateral) 
forelimb, the homolateral forelimb was involved in a similar lifting. The 
next limb to be affected was the contralateral hindleg, followed in 
sequence by the homolateral hindleg. The action might then start 
another circuit of the extremities, but, as with the C pattern, it usually 
died out after the first one was completed. 

The third general sequence of involvement of the limbs was termed 
the U pattern (fig. 2 C).. After involvement of the primary foreliinb, the 
next limb affected was the contralateral hindlimb, which was followed 
by the homolateral hindlimb and, in turn, by the homolateral forelimb. 
Again, but rarel}^ the circuit might be repeated wholly or in part without 
another stimulus. 

The head and tail presented striking patterns of movement during 
these seizures, but they were not as constant as the movements of the 
extremities. During a seizure the head tended to turn in the direction 
of the hindlimb next to be involved. The head and the tail showed a 
definite tendency, after a turn to one side, to turn to the opposite side. 
The trunk reacted in a similar manner — strong concavity to one side 
was followed by strong concavity to the other. The movements of the 
head, tail and trunk were associated with each of these patterns of the 
slow seizure. 

Throughout these slow seizures the animal appeared to be aware of its 
surroundings and was responsive to such stimuli as stroking or pre- 
senting of food. It seemed not to be especially disturbed by the uncon- 
trolled gyrations of the extremities. An entire seizure varied in length 
from approximately two to fifteen minutes, but the average duration was 
about six minutes. After cessation of these movements, there were 
residual neurologic deficits, such as the loss of the placing reactions, in 
some animals. Attempts to elicit these were not made in all experiments. 

The foregoing description is that of the complete slow seizure, by 
which is meant a seizure in which all four limbs, the head and the tail are 
involved. Only about one third ’of the seizures elicited were complete. 
Not all seizures exhibited by a single animal on successive trials were 
complete, but the general pattern of that part of the seizure which 
appeared remained the same. 

^ Two movement patterns which are characteristic stages of complete 
seizures have been observed also to occur in and have been used to 
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identify the incomplete slow seizure. They are ; ( 1 ) excessive pleasure 
reactions performed in a slow manner, and (2) high stepping movements 
of the hindlegs in which the hocks are turned in (fig, 3Z)) and then 
turned out in a varus position, so that the animal “calce walks.” 

The pleasure reaction is the typical response of the animal to petting 
under normal circumstances and is the normal kitten’s reaction while 
nursing. It is a dainty lifting of the paws, together with flexion of the 
toes and protrusion of the claws of the forefeet. It is executed 
rhythmically and alternately by the forelegs. In the slow seizure, it is 
first seen in the contralateral (primary) foreleg and then in the homo- 
lateral extremity, so that the two are involved simultaneous^ awhile, but 
the reaction tends to die out in the primary leg first. (In the complete 
type of slow seizure this response progressively changes to the high 
lifting movements.) During this type of response the animal frequently 



Fig. 3. — Sketches traced from portions of a moving picture of a cat taken 
during a slow seizure. The poses from A through D represent successive stages 
in the sequence of a seizure, such as that elicited from the left motor area. 


purrs. The hock movements in the hindlimbs were seen in association 
with the pleasure reactions and were usually of longer duration. 

It is difficult to define at just what point a slow seizure began and 
Avhere it ended; however, in our observation, the occurrence of the 
pleasure reaction and the hock movements were considered to constitute 
the shortest possible slow seizure. 

Certain operative procedures were carried out on some of these 
animals. In 2 cats bilateral ablation of the motor areas failed to affect 
either the slow seizure or the pattern thereof. In experiments designed 
to limit the spread of the neuronal discharge through cortical fibers by 
cutting through the cortex cerebri around the stimulated area, no altera- 
tion in the fit or the pattern was observed in 3 animals. In none of 
these was the cutting complete enough to isolate the point from the 
neighboring cortex. The slow seizure was not reproduced in 2 animals 
after removal of the cerebellum (though it had appeared from stimuli 
applied to the same electrode before removal of the structure), but ‘it was 
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possible to produce a jacksonian type of seizure from the same point 
after its removal. 

Section of oiie basis pedunculi in I anhnal was followed by a striking 
alteration in the sequence of limb movements, but made no difference 
in the type of movement. Prior to section of the basis pedunculi this 
animal showed a typical S pattern (fig. 2 B ) . After the section, the 
response of the contralateral, primary .limb was at first absent, the 
sequence continuing as before, with the primary limb involved last. 

Section of the corpus callosum of 1 animal likewise did not abolish 
the type of seizure, but it was followed by alteration of the sequence 
of the limb movements. Prior to section of the corpus callosum, the 
pattern was of the C type; however, during a seizure after sectioning, 
slow movements of the contralateral foreleg did not appear, while the 
head and tail (midline structures) were involved to a much greater 
degree. The hindlegs were involved simultaneously after the head and 
tail had completed their movements. 

COMMENT 

Seizures of such similar character elicited from stimulation of the 
cerebrum or cerebellum suggest intimate relationships and bring to mind 
the occasional difficulty in distinguishing clinically between lesions of the 
frontal lobe of the cerebrum and those of the cerebellum. In the case 
of lesions of the two areas destruction of tissue and perhaps functional 
deficits are most conspicuous, in contrast to the present experiments, in 
which excitation of the two regions is involved primarily. It is of course 
possible that the effects observed here are also related to functional 
deficits, since the negative placing reactions may imply temporary 
abeyance of cortical function. 

In the observation of the slow seizure, as elicited from the cerebral 
cortex of the cat, it has not been possible, to date, to determine the 
mechanism of spread and production or the exact localization. How- 
ever, certain generalizations and inferences can be drawn. 

The similarity of the slow seizures elicited from the cerebrum to 
those obtained from mechanical or electrical stimulation of the cerebellar 
cortex is so striking that for convenience we have come to term those 
elicited from regions other than the cerebellum “cerebelloid” seizures. 
While the origin of the seizures is obscure, some points suggest a definite 
cerebellar involvement ; ( 1 ) the nature of the * movements — slow, 

deliberate, graceful and identical in character with those produced after 
stimulation or production of small lesions of the cerebellar cortex; 
(2) the “rebound” phase of almost every movement — i. e., a movement 
of a limb is paired with a similar movement of the opposite one, and 
movements of the head, body and tail alternate in direction; (3) the 
extreme lability of the seizure to fatigue, drugs, etc., which is also true 
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of cerebellar seizures, and (4) the failure to reproduce the cerebelloid 
seizure in 2 animals (electrodes on the cerebral cortex) after removal 
of the cerebellum, although the rapid clonic seizure was elicited. In the 
light of the third point the fourth has less significance than might be 
indicated. 

It appears likely that the cerebelloid seizures occur with much greater 
frequency than is suggested by the 30 : 62 ratio and that they are over- 
shadowed by the less labile clonic convulsions. At times the clonic fits 
last for as long as several minutes after strong stimuli, and alterations 
in the posture (flexion or extension) of the clonically involved limbs are 
frequently slow and may represent the cerebelloid pattern with clonus 
superimposed. A careful analysis of slow motion moving pictures of 
cats during the clonic attacks would be important in demonstrating the 
presence or absence of a cerebelloid sequence. This possible interpreta- 
tion is further supported by the fact that the end of a cerebelloid 
sequence is often the only obvious evidence of the cerebelloid attack 
after the clonic movements have ceased. 

That visceral activity (except pupillary dilatation, which also accom- 
panies true cerebellar seizures) apparently is absent in the cerebelloid 
attacks, although it is an important component of the clonic seizure, 
suggests that two projection systems are involved, either from the cortex 
(the point stimulated) or from some lower “level." Obviously, 
autonomic pathways are involved in the clonic attacks, and it appears 
likely that these are not completely of cortical origin, since large cortical 
ablations do not prevent their occurrence. It would be valuable to know 
whether the pupillary dilatation is the result of the activity of the dilator 
muscles or of the constrictor muscles (oculomotor inhibitions) of the iris, 
in view of Hodes and Magoun’s “ demonstration of the widespread origin 
of the latter and the relatively limited regions of origin of the former. 

Certain predisposing factors may be involved in production of the 
cerebelloid seizure. It has been noted repeatedly that' such a seizure 
was more -frequentl)'^ elicited from an animal of gentle disposition, and 
if the cat was angered or irritated, the seizures were often not elicited 
(inhibited or submerged). The similarity of certain phases of the 
cerebelloid seizure to normal actions and motions (though caricatured) 
of the cat is also striking, such as the pleasure reactions, the slow move- 
ments of the body and tail and, not infrequently, the associated purring. 

The location of the stimulating electrode on the cortex may be a factor 
in the elicitation of the cerebelloid seizure ; seizures have occurred, how- 
ever, after stimulation of surface points both in and out of the “motor” 
area and on the gyrus cinguli, on the median surface of the brain. That 
cerebelloid seizures could be elicited after removal of the motor areas 

9. Hodes, R., and Magoun, H. W.; Autonomic Responses to Electrical 
Stimulation of the Forebrain and Midbrain with Special Reference to the Pupil, 

J. Comp. Neurol. 76:169-190, 1942. 
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or after section of one basis pedunculi indicates that integrity of the 
pyramidal tract is not essential for the slow type of seizure, a conclusion 
which also holds for the clonic fits (unpublished experiments; Ward 
and Clark °). 

SUMMARY AND CONCLUSION 

An unusual type of seizure following electrical stimulation of the 
cerebral cortex of the unanesthetized cat is described. The seizure is 
slow and strikingly similar to that elicited from the cerebellar cortex 
of the unanesthetized cat. Its mechanism is yet to be determined. It is 
a distinct entity, quite separate from the usual “jacksonian seizure” also 
elicited from the cerebral cortex. 

Vanderbilt University College of Medicine. 



PARAPHENYLENEDIAMINE POISONING WITH 
CHANGES IN THE CENTRAL 
NERVOUS SYSTEM 

CHARLES DAVISON, M.D. 

NEW YORK 

The prevalent use by women of coal tar products as hair dyes, sold 
in the mai'ket under various trade names, is well known. “Urso],” a 
paraphenylenediamine coal tar chemical, is a popular preparation. When 
such a dye is used excessively, vertigo, gastritis, diplopia, asthenia and 
exfoliative dermatitis may result. Although neurologic complications, 
such as dizziness, nystagmus and tinnitus, have been recorded, histo- 
pathologic reports of involvement of the central nervous system were 
not found in the literature. 

REPORT OF A CASE 

L. M., a woman aged SI, was admitted to the Montefiore Hospital on Dec. 
22, 1939 with a history that for about one and a half years she had been dyeing 
her hair with “ursol.” In December 1938 she experienced pain in the knees. 
In June 1939 she noticed yellowish discoloration of the entire skin and the finger 
nails. In August 1939 she complained of dyspnea on exertion, occasional palpi- 
tation and loss of about 30 pounds (13.6 Kg.) in weight. During this interval 
there was low grade fever. In the early part of September 1939 there appeared 
tender blisters over the tongue, which slowly subsided. At this time the patient 
suffered from abdominal pain, pronounced anorexia and weakness. 

General Examination . — There was a peculiar, yellow-grayish discoloration of 
the skin of the entire body and of the nails which matched the color of the 
dyed hair. The dorsum of the tongue was smooth. The heart was slightly 
enlarged to the left, and the second aortic sound was greater than the second 
pulmonic sound. There was some evidence of auricular fibrillation. The blood 
pressure was 110 systolic and 70 diastolic. The liver was 4 fingerbreadths and 
the spleen 3 fingerbreadths below the costal margin. Motion of the interpharyn- 
geal joints was decreased. 

Neurologic Examination . — There were deep muscle tenderness of both calves; 
slightly exaggerated reflexes, especially in the lower extremities; left ankle clonus; 
absence of abdominal reflexes, and a questionable Babinski sign bilaterally. No 
evidence of sensory changes was apparent. There was suggestive facial paralysis 
of supranuclear type. 

From the Neuropathologic Laboratory and Neuropsychiatric Service of the 
Montefiore Hospital for Chronic Diseases. 

This paper was read at a joint meeting of the New York Academy of Medi- 
cine, Section of Neurology and Psychiatry, and the New York Neurological 
Society on March 10, 1942. The discussion appeared in the October 1942 issue 
of the Archives, page 672. 
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Laboratory Data . — The urine contained albumin, 2 white cells per cubic milli- 
meter and granular and hyaline casts. Examination of the blood disclosed 72 per 
cent hemoglobin, 3,600,000 red cells and 5,750 white cells, with 38 per cent poly- 
morphonuclear leukocytes, 16 per cent metamyelocytes, 2 per cent myeloblasts, 
27 per cent lymphocytes, 4 per cent mononuclears, 2 per cent eosinophils and 
1 per cait basophils. The blood smear showed anisocytosis, macrocytosis, poikilo- 
C3dosis and polychromatophilia. 

Roentgen examination of the skeletal system revealed hypertrophic changes in 
the spine, hip joints, sacroiliac bones and bones of the lower extremities and 
hands. 



Fig. 1. — Pallor of the pallidal segment, thinning of the ansa lenticularis and 
slight status marmoratus of the putamen. Myelin sheath stain. 

Course . — During her stay in the hospital the patient complained repeatedly of 
severe asthenia, anorexia and epigastric pain and appeared drowsy. She had a 
low grade fever, the temperature ranging from 99 to 100 F. and rising nightly 
to 102 F. She received all forms of vitamin therapy, which led to disappearance 
of the glossitis. The neurologic picture remained unchanged. The aforemen- 
tioned symptoms became more severe, and for about two months before death 
the knee and ankle jerks were unobtainable and there were definite left ankle 
clonus and Babinski sign bilaterally. The anemia became more severe. She 
received several transfusions, but her condition gradually became worse, and she died 
on March 9, 1940. 
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General Pathologic Observations . — ^The skin was yellowish gray. Hepato- 
splenomegaly, ascites and atherosclerosis of the coronary arteries and aorta were 
observed on gross inspection. The liver was 4 fingerbreadths below the costal 
margin and weighed 2,500 Gm. The capsule had a glistening appearance, and 
the underlying tissue was moderately granular. The organ cut with increased 
resistance. Microscopically, there were atrophy of the hepatic cords, foci of 
necrosis of liver cells and occasional areas of proliferation of biliar)’^ ducts. The 



Fig, 2. — Pigmentary accumulations in pallidal segments. Turnbull blue stain; 
X 200. 

spleen was tremendously enlarged, weighed 1,420 Gm. and was firm. There was 
an infarction in the upper pole. Microscopically, the follicles appeared indistinct, 
and the pulp was greatly congested. The area of infarction at the edge was 
fairly well demarcated from the adjacent splenic tissue by an extremely congested 
zone. 

Brain and Spinal Cord.— Gross Examination: The dura, especially the under 
surface, had a yellowish tinge. The brain had a pronounced pallor and weighed 






DAVISOK—PARAPIIENYLENIIDI AMINE POISONING 


257 


l,-?20 Gin. The pia-arachnoid !;liippcd icadily. No other abnormalities were 
noted. Except for pallor, the cord showed no abnormalities. 

Micro'-copic Examination: Sections from various regions of the cortex, dien- 
ccphalon, dentate nucleus, cerebellum, brain stem and spinal cord were stained for 



Fig. 3. — A (x 400), Alzheimer cells type II, with slight accumulation of 
pigment granules around them. Notice the diseased pallidal nerve cells. B (x 900), 
Alzheimer cells type I. Cresyl violet stain. 


myelin sheaths and with’ cresyl violet. Some of the sections of the cortex and 
the basal ganglia were fixed in alcohol and stained with cresyl violet and with 
Turnbull blue. Frozen sections were also stained by the myelin sheath, Biel- 
schowsky, sudan III and Holzer methods. 
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Cortex: Sections from various regions of the cortex disclosed a normal 
arrangement of the cytoarchitectural layers, with preservation of the nerve cells. 
An occasional nerve cell showed evidence of chromatolysis. There were also a 
few Alzheimer glia cells type II, surrounded by a slight amount of pigment. 

In the hippocampus, in addition to the aforementioned changes, there were 
numerous accumulations of am 3 doid bodies. The slight changes in the ganglion 



pig_ 4 . A (X 1,200), pigment accumulations in one of the nerve cells, with 

the nucleus displaced to the periphery. B {X 900), chromatolysis, accumulation of 
Nissl substance at the periphery and collections of pigment granules. Cresyl 
violet stain. 

cells were’ more prominent in this than in the other cortical regions. Sommer’s 
sector appeared normal. 

Diencephalon : Sections were made of the basal ganglia through the rostral part 
of the pallidum. There was pronounced pallor of both pallidal segments (fig. 1), with 
almost complete disappearance of the ansa lenticularis. The putamen had a slight 
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niarblc-like appearance (fig. 1). With high power magnification the myelin 
sheaths of the pallidal fibers showed slight swelling and beading. An occasional 
swollen axis-cylinder was noted. In the Turnbull blue preparations the entire 
pallidum took a bluish stain. There were heavy deposits of bluish iron pigment 
throughout the pallidal segments (fig. 2), with numerous Al7beimcr cells types 



Fig. 5 . — A (X 190), calcific and iron deposits around a vessel. Notice the 
pigmentary deposits in the pallidal nerve cell. B (X 190), proliferating vessels of 
the basal ganglia and increase in the glia nuclei. Cresyl violet stain. 


I and II (fig. 3 A and B). Heavy deposits of bluish pigment were also observed 
in the walls of the vessels. The entire striatum took a pinkish stain, in contrast 
to the bluish stain of the pallidum. It contained fewer Alzheimer cells and less 
iron deposits than the pallidum. In the cresyl violet preparations the pallidal 
nerve cells were decreased in number; they appeared pale and showed marked 
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loss of chromatin material or were almost completely disintegrated (fig, ZA 
and B). Many of the pallidal nerve cells contained heavy brown-bluish pigmen- 
tary deposits, which were usually situated at the periphery of the cell (fig. A A). 
In other cells the Nissl substance had collected at the periphery, and the pigment 
granules were usually situated at one of the poles of the cell (fig. 4B). The 
pigmentary deposits were somewhat similar to the accumulations .seen in cases of 
pigment atrophy. They differed somewhat from the latter in that they consisted 



Pig. 6 . — ^ (X 1,200), diseased nerve cell of the striatum, with some pigment 
accumulation and tendency of Nissl substance to accumulate at the periphery. B 
(X 1,200), severe disintegration of the nerve cell of the striatum. Cresyl violet 
stain, 

of heavy granules (fig. A A and B). A number of the pallidal nerve cells were 
completely destroyed. They were recognized only by their nuclei and nucleoli, 
which, in turn, were surrounded by deposits of pigment (figs. 3 A and B). Some 
of the pallidal vessels were calcified (fig. 5 A), and others disclosed proliferation 
of the endothelial cells (fig. SB). In the striatum, the large nerve cells revealed 
changes somewhat similar to those of the pallidum, but less extensive. Some 
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showed chromatolysis, with a tendency for tlie Nissl granules to accumulate at 
the periphery of the nerve cell (fig. 6 A), while others were severely diseased 
(fig. 6B). Sections through the middle of the striatum and pallidum disclosed 
changes similar to but far less extensive than those in the rostral portion of the 
pallidum. The nerve cells of the thalamic nuclei stained normally. There were 
no pigmentary deposits or Alzheimer cells. 



Fig. 7. — Nerve cells of the dentate nuclei with pigmentary deposits. Cresyl 
violet stain ; X 400. 


Hypothalamus : ,The lining of the third ventricle was slightly thickened. There 
were numerous deposits of amyloid bodies. The nerve cells of the hypothalarrius 
showed some loss of their heavy iron pigment granules. In addition, many of 
the nerve cells, especially in the supraoptic nucleus, contained the same type of 
pigmentary deposit as did the nerve cells of the pallidum. 

Cerebellum and brain stem : In the myelin sheath preparation the dentate 
nucleus showed no abnormalities. In the cresyl violet preparation there were 
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pigment atrophy of many of the nerve cells, ischemic cell changes, occasional 
chromatolysis and a few Alzheimer cells, surrounded by pigmentary deposits. 
Some of the nerve cells of the dentate nucleus showed the same heavy granular 
deposits as did the pallidal nerve cells (fig. 7). The nerve cells of the inferior 
olivary nuclei, except for pigment atrophy of the typical variety, were normal. 
The Purkinje cells appeared intact. 

Spinal cord: No areas of demyelination were noted, but there were numerous 
amyloid bodies and the central canal was patent. A few of the anterior horn 
cells did not stain well, but did not present pathologic changes. 

COMMENT 

Most of the hair-dyeing agents are derivatives of phenylenediamine, 
There are several varieties : the ortho, meta and para and the dimethyl 
and diethyl derivatives. The paraphenylenediamine used by this patient 
is a dark or black crystalline, solid material with a melting point of 
140 C. and a boiling point of 267 C. The dark color is due to the 
combination of the dye with iron. The compound is unstable, and on 
exposure it oxidizes and turns black, especially in an aqueous solution. 
It is difficult to purify. It crystallizes in benzine and is easily soluble 
in alcohol and ether. It can be oxidized by the blood and all the tissues 
of higher animals, especially the brain, heart, muscles, kidneys and 
liver. The reaction is facilitated by the presence of water. 

The substance is used commercially under the name of “ursol” for 
dyeing furs and in hair dyes. Many cases of paraphenylenediamine 
poisoning have been reported. The symptoms elicited are vertigo, 
gastritis, diplopia, asthenia and dermatitis, especially of the exfoliative 
type. The acute onset is also characterized by dizziness, nystagmus 
and tinnitus. When the dye is used over a prolonged period gradual 
deafness may take place. Improvement occurs when the dye is removed. 
Some symptoms have been reported from the dye used in cosmetics and 
stockings. Asthma and eczema have been observed in workers using 
this dye in vulcanizing rubber industries, in fur-dyeing and feather- 
dyeing industries, in photographic developing and in textile dye inter- 
mediaries. 

Experimentally, the dye produces in the rabbit edema of the head 
and neck. In addition, in rabbits and cats a rapid pulse and increased 
respiration, with wheezing and h)q)othermia, develop. Convulsive 
seizures have been reported to occur in some mammals. Asthma is due 
perhaps to the constricting action of the dye on the bronchiolar muscu- 
lature. It acts like histamine in stimulating smooth muscle and 
increasing capillary permeability,' and thus produces edema. The meta 
derivative, when used experimentally, causes hydrothorax, chemosis, 
exophthalmos and lacrimation. 



DA VISON—PARAPHENYLENEDI AMINE POISONING 


263 


As already stated, numerous cases have been reported clinically 
(Close,’- Mollerstrom - and Nott’*), and in some instances references 
have been made to neurologic signs and symptoms, but no cases with 
pathologic studies of the central nervous system have been described. 
In the cases in which necropsy was performed (Israels and Susman ^ 
and Peters and Sachs °) the lesions observed were acute, subacute or 
focal necrosis of the liver, hepatosplenomegaly, severe congestion of 
the viscera .and anemia. Israels and Susman ^ mentioned that “the 
brain showed a definite acute congestion of the cortex and white matter 
throughout. The appearance was that of a toxic encephalitis.’' Appar- 
ently, microscopic examination had not been made. Peters and Sachs “ 
reported clinically a case of impairment of proprioceptive sensation and 
apparent loss of vibratoiw sensation below the third lumbar vertebra. 
Unfortunately, the central nervous S3fstem in this instance was not 
obtained at autopsy. Neurologic complications were also mentioned 
by Close ’ and Keschner and Rosen.® In Close’s ’ case nystagmus, 
tinnitus, giddiness and headaches were the outstanding neurologic 
symptoms. Keschner and Rosen ® described a case in which the sole 
observation was papilledema and retinal hemorrhages. At first the 
possibility of an expanding intracranial lesion as the etiologic factor 
was considered, but careful investigation revealed that the patient was 
using a hair dye sold under the name of “Glo-Rnz.” The following 
note appeared on the label of this product, as required by the federal 
Food, Drug and Cosmetic Act for all “coal tar hair dyes.” " 

1. Close, W. J.; A Case of Poisoning from Hair Dye (Paraphenylenediamine), 
M. J. Australia 1:53 (Jan. 9) 1932. 

2. Mollerstrom, J. : Acute Intoxication from the Use of Aniline Dyes, Acta 
nied. Scandinav. 71:73, 1929. 

3. Nott, H. W. : Systemic Poisoning by Hair Dye, Brit. M. J. 1:421 (March 8) 
1924. 

4. Israels, M. C. G., and Susman, W. : Systemic Poisoning by Phenylene- 
diamine: Fatal Cases with Pathological Report, Lancet 1:508 (March 10) 1934. 

5. Peters, H, R., and Sachs, M. S. : Systemic Poisoning Due to Synthetic 
Organic Hair Dye: Fatal Case with Autopsy, Ann. Int. Med. 12:2032 (June) 
1939. 

6. Keschner, M., and Rosen, V. H. : Optic Neuritis Caused by a Coal Tar 
Hair Dye, Arch. Ophth. 25:1020 (June) 1941. 

7. Federal Food, Drug and Cosmetic Act and General Regulations for Its 
Enforcement, Service and Regulatory Announcements, Food, Drug and Cosmetic, 
no. 1, Food and Drug Administration, United States Department of Agriculture, 
1939, sect. 601 A. 

This product contains ingredients which may cause skin irritation on certain 
individuals and a preliminary test according to the accompanying directions should 
first be made. This product must not be used for dyeing the eyelashes or eye- 
brows ; to do so may cause blindness. 
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Ocular disturbances are most likely the result of application of these 
dyes to the eyelashes and eyebrows. Toxic optic neuritis, as in 
Keschner and Rosen’s ® case, is an unusual complication of this type 
of poisoning. Berger ® and Veasey ® also reported cases of toxic optic 
neuritis in patients who used aniline dyes. 

In the case reported by Keschner and Rosen,® a strong solution of 
ammonia was used to remove the dye from the forehead, and this may 
have been a factor in the toxic optic neuritis. Mackenna and Israels 
and Susman ^ expressed the belief that it is dangerous to attempt to 
remove the dye from hair with hydrogen peroxide or sodium thiosulfate, 
as use of these substances may intensify the symptoms. Baldridge 
emphasized that application of heat and ammonia during the giving of 
a “permanent wave” may aid in the rapid absorption of the dye. 

The outstanding neurologic signs in the case presented were asthenia, 
anorexia, drowsiness, muscle tenderness, slightly exaggerated deep 
reflexes, left ankle clonus, absence of abdominal reflexes and plantar 
responses. 

The essential histopathologic changes in the central nervous system 
were observed in the pallidum, the striatum, the hypothalamus and, to 
a slight extent, in the dentate nucleus. These consisted essentially of 
peculiar granular deposits in the nerve cells, which were similar to 
those seen in the oxidase reaction. The other pathologic changes in 
the nen'^e cells, the deposits of iron pigment and the Alzheimer cells in 
the striatum and pallidum were similar to those observed in cases of 
severe disease of the liver. The pathologic picture in this case consisted, 
therefore, of primary and secondary changes as a result of the para- 
phenylenediamine poisoning. The chemical which circulated in the blood 
stream in this instance induced the oxidase reaction in the nerve cells 
and other tissues of the body. The heavy pigment granules and the 
proliferation of the smaller pallidal vessels, similar to what is seen in 
cases of lead poisoning, were undoubtedly due to the direct action of 
the toxin on the nerve cells and the blood vessels. The primary process 
in the liver caused the secondary changes in the central nervous system. 
The iron deposits, the Alzheimer cells and the chromatolytic changes 
in the nerve cells of the striatum and pallidum were most likely secondary 
to the involvement of the liver. 

8. Berger, A.: Visual Disturbances Due to the Use of Hair Dye Containing 
Aniline, Arch. Ophth. 38:397, 1909. 

9. Veasey, cited by Berger.s 

10. Mackenna, R. M. B. : Modern Cosmetic Preparations: Their Chemical 
Composition, and Pathological Developments Attributable to Them, Brit. M. J. 
1:899 (May 17) 1930. 

11. Baldridge, C. W. ; Macrocytic Anemia with Aplastic Features Following 
Application of Synthetic Organic Hair Dye, Am. J. M. Sc. 189:759 (June) 1935. 
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COXCLUSIOK 

A case of paraphenylenecHamine poisoning following the use of a 
popular hair dye named “ursol” is reported. In addition to the typical 
clinical and pathologic changes following such an intoxication, neuro- 
logic signs and symptoms, with pathologic changes in the central nervous 
system, also developed. The most important of these changes was the 
oxidase reaction, resulting in deposits of pigment granules in the nerve 
cells of the pallidum, the striatum, the hypothalamus and the dentate 
nucleus. 



TREATMENT OF SCHIZOPHRENIA 

FOLLOW-UP RESULTS IN CASES OF INSULIN SHOCK THERAPY AND 

IN CONTROL CASES 
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PAUL E. HUSTON, M.D., Ph.D. 

IOWA CITY 

The purpose of this report is to compare the results of insulin shock 
therapy in a group of schizophrenic patients with the results of con- 
servative treatment in a group of similar patients used as controls. The 
control group has been reported on previously.’- The criteria for 
diagnosis and such factors as economic, occupational and educational 
levels and racial composition were the same in the two groups. Like- 
wise, the selection of the patients for admission to the hospital was ■ 
identical. Thus the groups were directly comparable, and the value of 
insulin shock therapy can therefore be estimated. 

METHOD 

Sixty-six patients suffering from schizophrenia, in whom the disease processes 
were typical, were treated by means of insulin shock. This procedure was made 
routine; it consisted, briefly, of giving the patient progressively larger amounts 
of insulin until the dose was sufficient to produce coma within two or three 
hours after injection. The patient was allowed to remain in coma from one-half 
to three hours. The depth of coma was determined by the absence of the corneal 
reflex. Each patient was subjected to thirty periods of coma at the rate of six 
per week. It was found that with successive treatments progressively smaller 
amounts of insulin were required to produce the same desired depth of coma. 
Therefore our criteria for treatment were depth and number of comas. After the 
series of treatments the patient was kept in the hospital from three to four weeks 
before discharge. 

After the patient left the hospital his condition was evaluated clinically at six 
month intervals, the minimum final follow-up period being one year and the 
maximum four years. The clinical status of the patient was rated according to 
four categories; 1. Complete recovery. The patient had lost all psychotic symptoms 
and was able to adjust on or above his previous social level. 2. Social recovery. 
The patient continued to show minor defects which were not noted by his 
associates and was adjusting socially at approximately his former level. 3. Improve- 

From the Iowa State Psychopathic Hospital, State University of Iowa College 
of Medicine. 

1. Malamud, W., and Render, N.: Course and Prognosis in Schizophrenia, 
Am. J. Psychiat. 95:1039-1055 (March) 1939. 
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ment. Tlic paUent continued to show defects but was able to live in the com- 
munity, adjusting, however, at a lower level than previously. 4. No improvement. 
The patient continued to show psychotic manifestations of the same degree as 
when he was in the hospital or had deteriorated. A fifth classification included 
patients who had died. 

MATERIAL 

These 66 patients were free from other diseases, as determined by their 
physical and neurologic status and by ordinary laboratory procedures. Thirty- 
six were men, and 30 were women. The ages ranged from 14 to 44 years, the 
average being 25.1 years. The average length of stay in the hospital, including 
the period of treatment, was twelve weeks. The schizophrenic subtypes were 
represented as follows; simple, 4 patients; catatonic, 3 patients; hebephrenic, 21 
patients ; paranoid, 14 patients, and unclassified, 24 patients. 

The control group contained 132 patients : 60 men and 72 women. The average 
age was 28.4 years; the age range, from 13 to 58 years. The average length of 
hospitalization was seven weeks. The representation of the subtypes was as 
follows ; simple, 12 patients ; catatonic, 6 patients ; hebephrenic, 39 patients ; 

Table 1. — Comparison of the Final Clinical Status of Schizophrenic Patients 
Treated zvith Insulin Shock and That of a Control Group Over the 
Same Follozv-Up Period of One to Pour Years 
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15 

43 

14 

71 

(54%) 

85 
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(100%) 

(21%) 

(11%) 

(33%) 

(11%) 

(04%) 

(S%) 


paranoid, 24 patients, and unclassified, 51 patients. The original data of Malamud 
and Render i were reexamined to obtain a control group having a comparable 
follow-up period. 

The insulin-treated and the control group were drawn from the same racial, 
economic and cultural population, as nearly all were natives of Iowa. The 
selection of patients for admission to the hospital was also the same for the two 
groups. In general, chronic deteriorated patients were not admitted. In this way 
our groups differed from the usual state hospital population. The diagnostic 
criteria were also uniform. It may be noted from the foregoing figures that the 
control group was twice as large as the insulin group, but the relative percentages 
of the schizophrenic subtypes in the two groups were about the same. The period of 
stay in the hospital of the insulin group averaged five weeks longer than that of 
the control group. This was due to the additional time consumed bj’' the insulin 
treatment. 

RESULTS 

In table 1 is compared the final clinical status of the two groups of 
schizophrenic patients. The subsequent courses for these groups were 
over the same interval of one to four 3 ’-ears. From this table it would 
appear that there are differences between the two groups in the cate- 
gories of complete and social recovery, the control group being favored 
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in the category of complete recovery and the insulin-treated group in 
the category of social recovery. Since, however, it was difficult to 
estimate whether a patient was completely or socially recovered, these 
differences are probably not significant, A more meaningful comparison 
may be obtained by combining the categories of complete and social 
recovery and those of improvement and no improvement. The per- 
centages for the first combination are 35 for the insulin-treated group 
and 33 for the control group. For the second combination the 
percentages are 64 for each group. It is evident, therefore, that insulin 
did not increase the rate of remission of the insulin-treated patients as 
compared with that for the group treated conservatively. 


Table 2. — Clinical Status at Various Follow-Up Periods of Patients 

Treated with Insulin 
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12 
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20 
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(31%) 

(5%) 

(36%) 
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* The figures for the control group for a follow-up period of sixteen to twenty-eight 
months are included for comparison. 


In table 2 is presented the clinical status by categories of the insulin- 
treated patients at the time of discharge and at intervals of six months, 
one year, two years, three years and four years thereafter. The figures 
for the control group for the sixteen to twenty-eight month follow-up 
periods are- included for comparison. From this table it seems clear 
that for the periods of six months, one year and two years the figures 
for the combined categories of complete and social recovery for the 
insulin group are similar to those for the control group which cover 
approximately the same length of time. This is also true for the 
combined categories of improvement and no improvement. The low 
percentage of 19 for the combined categories of complete and social 
recovery at the time of discharge contrasts with higher percentages 
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reported by other investigators." This may be explained by the fact 
that our patients were discharged three to four weeks after insulin 
treatment had been discontinued rather than kept in the hospital until 
the}' had reached the peak of their improvement. For the three and 
four year follow-up periods, the numbers of patients, 16 and 9, 
respectively, were too small for accurate comparison. This table seems 
to indicate tliat the remission rate for the various inteiwals from six 
months on were relatively stable for the duration of our follow-up period. 

However, this does not mean that any given patient stays at a 
constant level of improvement. A separate analysis of the course of 
each patient was made through the successive follow-up periods. 
Twenty-one, or 32 per cent, of the patients maintained a fairly constant 
course. The condition of 20 patients, or 30 per cent, improved from 

Table 3. — Final Clinical Status of Patients Treated with Insulin Shock and 
of a Control Group at Last Follow-Up Period of From One to Four 
Years in Terms of Type of Onset 


Complete 

and Improvement 
Social and No 

Group Onset Total Recovery Improvement Dead 

Insulin Acute 31 (.47%) 14 (46%) 17 (65%) 

Gradual 35 (53%) 9 (26%) 25 (72%) 1 (2%) 


Total CO (10a%) 23 (35%) 42 (04%) 1 (1%) 

Control Acute 31 (24%) 14 (45%) 17 (65%) 

Gradual 101 (7C%) 29 (29%) C8 (67%) 4 (4%) 


Total 132 (100%) 43 (3S7c) 85 (64%) 4 (3%) 


the time of discharge to the final status; 10 patients, or 15 per cent, 
became worse. Fifteen patients, or 23 per cent, showed a fluctuating 
course of remissions and exacerbations. Eight of these 15 patients had 
the same status at the last follow-up period as at the time of discharge ; 
3 had become worse, and 4 had improved. From this it is evident that 
the course of schizophrenia after insulin therapy is a variable one. 

Table 3 presents the clinical status at the last follow-up period of 
from one to four years for both the insulin and the control group in 
terms of type of onset. By acute onset is meant the sudden appearance 

2. (a) Bond, E. D. : Continued Follow-Up Results in Insulin Shock Therapy 
and in Control Cases, Am. J. Psychiat. 97:1024-1028 (March) 1941. (fc) The 
Treatment of Schizophrenia, Insulin Shock, Cardiazol and Sleep Treatment, Pro- 
ceedings of the Eighty-Ninth Meeting of the Swiss Psychiatric Association at 
Munsingen, Berne, Switzerland, May 29-31, 1937, ibid, (supp.) 94:1-354 (May) 
1938. Katzenelbogen, S.: A Critical Appraisal of the “Shock Therapies” in the 
Major Psychoses: Insulin, Psychiatry 2:493-505 (Nov.) 1939; 3:211-228 (May) 
1940. Jessner, L., and Ryan, V. G. : Shock Treatment in Psychiatry, New York, 
Grune & Stratton, Inc., 1941. 
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of the fully developed psychosis, and by gradual onset is meant an 
insidious development of the psychosis. In each group there were 31 
patients with acute onset, of which 14 patients, or 45 per cent, made 
either a complete or a social recovery. Of the patients with a gradual 
onset in the insulin series there were 35, of which 9, or 26 per cent, 
made a complete or a social recovery. This number is compared with 
101 patients in the control group, of whom 29, or 29 per cent, attained 
a similar status. This implies that patients with an acute onset do not 
have a more favorable outcome when treated with insulin than when 
treated by conservative measures. 

Table 4 shows the relationship between the clinical- status at the last 
follow-up period and the duration of the illness. For both groups, of 
those patients ill less than six months, 44 per cent made a complete or 

Table 4. — Final Clinical Status of Patients Treated zvith Insulin Shock and of 
a Control Group at Last Follow-Up Period of From One to Four. Years 
in Terms of Length of Illness Before Treatment 


Group 

Duration of 
Illness 

Total Number 

Complete 

and 

Social 

Recovery 

Improvement 
and No 
Improvement 

Dead 

Insulin 

6 months 

7-18 months 

19 months and over. 

34 (62%) 

14 (21%) 

18 (27%) 

15 <44%) 

3 (21%) 

6 (28%) 

19 (56%)' 

10 (72%) 

. 13 (72%) 

1 (7%) 

P 

Total... 


GQ (100%) 

23 (35%) 

42 (04%) 

1 (1%) 

Control 

6 months 

7-18 months 

19 months and over. 

67 (43%) 

26 (20%) 

49 (37%) 

25 (44%) 

7 (27%) 

11 (22%) 

29 (51%) 

19 (73%) 

37 (767o) 

3 (6%) 

1 (2%) 

Total... 


132 (100%) 

43 (33%) 

85 (64%) 

4 (3%) 


a social recovery. Of those ill longer than six months, the decrease 
in the percentage who recovered was approximately the same in the 
two groups. These figures do not support the statement sometimes 
made"'’ that early treatment of schizophrenia with insulin produces a 
higher rate of recovery than early treatment by other methods. 

COMMENT 

The data presented indicate that patients suffering from typical 
schizophrenia and treated by the insulin shock method as described did 
not have a better rate of recovery than those treated more conservatively. 

The insulin shock technic employed differed from some of the 
methods used elsewhere."” Rivers and Bond " contrasted two methods 
of insulin therapy— one similar to ours, in which the insulin was 

3 Rivers T. D., and Bond, E. D.: Follow-Up Results in Insulin Shock 
Therapy After One to Three Years, Am. J. Psychiat. 98:382-384 (Nov.) 1941. 
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decreased after coma levels were reached, and one in which insulin was 
increased. They reported that the latter method gave better results. It 
may be that differences in insulin shock technic yield different rates of 
remission. 

In the comparison of the insulin-treated and the control group, it 
should be pointed out that the study was not strictly one of a group of 
schizophrenic patients treated with insulin and a group not treated at 
all. The patients constituting the control group were treated ^ on the 
theory that they had problems and conflicts which they were unable to 
solve. These wefe considered important for their illnesses. An attempt 
was made to understand the development of their personalities, particu- 
larly the difficulties that they had encountered in their efforts at 
adjustment. With this knowledge, reconditioning and reeducation 
through the use of individualized socialization programs, on the one 
hand, and attempts to solve the conflicts by psychotherapy, on the other, 
were carried out. However, all the patients of the control group could 
not be subjected to this complete program, primarily owing to factors 
limiting their stay in the hospital : Eight, or 6 per cent, remained but 
two weeks; 31, or 24 per cent, three or four weeks; 37, or 29 per cent, 
five or six weeks; 20, or 15 per cent, ^seven or eight weeks; 16, or 12 
per cent, nine to twelve weeks, and 20, or 15 per cent, more than three 
months. Some of these patients were transferred to state hospitals; 
none; however, received insulin shock therapy. 

The similarity between the courses of the control and those of the 
insulin-treated patients suggests a common factor in the two methods 
of treatment. This factor may be that pressure toward socialization 
was being exerted constantly on the patients from several directions. 
The insulin shock treatment may be thought of as one method of 
exerting such pressure, especially through the attention the patient 
receives in experiencing the cobras. Insulin shock, therefore, would not 
be considered a specific therapy for schizophrenia. 

CONCLUSION 

Sixty-six patients suffering from schizophrenia were given insulin 
shock therapy, and the results were compared with those for a group 
of 132 patients treated by conservative methods. Analysis of the 
subsequent courses for the two groups showed similar remission rates. 
Insulin shock , therapy by the method described does not increase the 
1 emission rate of schizophrenia over that with more conservative 
methods of treatment. 

Iowa State Psychopathic Hospital. 

4. Malamud, W., and Miller, W. R.; Psychotherapy in Schizophrenias Am 
J. Psychiat. 11:457-480 (Nov.) 1931. 



STATISTICAL CONTROL STUDIES IN NEUROLOGY 

I. THE BABINSKI SIGN 

NATHAN SAVITSKY, M.D. 

AND 

M. J. MADONICK, M.D. 

NEW YORK 

We became interested in control studies in neurology while investi- 
gating the significance of objective signs in cases of head injury. It is 
evident that as a result of the medicolegal importance of. many of these 
problems a great deal of emphasis is usually placed on objective signs. 
More weight is usually placed on a Babinski sign or an ocular muscle 
palsy than on the most intense subjective distress. We often wondered 
how many of these positive neurologic signs existed before the accident. 
The subject of the frequency of these signs in people who were not 
injured began to attract our attention. Considering the great number 
of injuries in large industrial organizations, it would be important to 
know the incidence of positive neurologic signs in control groups. Con- 
trol groups do not necessarily imply normal people. In this study con- 
trol groups refer to persons not under observation or treatment for head 
injuries or their sequelae. 

We decided to determine, if possible, how scarred the population is 
from the neurologic standpoint. Old head injuries which were not 
considered serious, unrecognized complications of infectious childhood 
diseases, abortive forms of degenerative and heredofamilial diseases of 
the nervous s 3 '-stem, mild cerebrovascular accidents with no gross paral- 
yses are a few of the better known conditions which can cause a per- 
sistent Babinski sign without the person presenting complaints which 
would have called attention to the existence of these disorders. Older 
studies on the incidence of the Babinski sign are of little value because 
of the small number of cases usually investigated and because of various 
recent influences which, in our opinion, may tend to increase the inci- 
dence of the Babinski sign. One must recognize such factors as the 
increased frequency of virus diseases, the more widespread use of chemo- 
therapy and spinal anesthesia and the notable rise in the number of 
industrial and traffic accidents, .as well as the greater frequency of 
degenerative disease because of the increase in life expectancy. 

Our data' were gathered from three sources. 

1. The first group consisted of 1,000 persons with head injuries 
seen in private practice. It is interesting to note the greater incidence 
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of males, 100 males to 63 females, which no doubt is due to the fact 
that the former are exposed to greater hazards, especially in the indus- 
trial fields. 

2. The second series consisted of 2,500 patients admitted for general 
conditions to the wards of the Morrisania City Hospital. Patients with 
a condition suggesting a neurologic disease were excluded. The age 
curve for this series had a bell shape, indicating that we have probably 
taken a fair sample of the population. According to the fifteenth census 
of the population of the United States, 1930, the ratio of males to 
females in the County of the Bronx, New York city, was 100 to 100.6. 
In our series there were 100 males to 209 females. The greater propor- 
tion of females is accounted for to some degree by the large number 
of women with gynecologic conditions in the series. Negroes constitute 
1.02 per cent of the population of the Bronx. In our series Negroes 
comprised 11.6 per cent of the patients examined. This large number 
is probably explained by the lower economic status of the race and the 
fact that the hospital is a city institution. The Chinese represented 0.023 
per cent of the total non-Negro population in the Bronx. In our series 
the Chinese comprised 0.18 per cent of this population. Children below 
the age of 5 years were not included. 

3. The third series, consisting of 704 inductees into the Army 
between the ages of 21 and 35, was a somewhat select group, since we 
did not see many who had been rejected by the local board physicians. 

This paper is confined to a consideration of the Babinski sign. This 
sign was considered positive only when there was definite and constant 
extension of the large toe on plantar stimulation. The same stimulus 
was employed throughout to the outer part of the sole of the foot. 
Stimulation was adequate but not nocuous. 

A positive Babinski sign was found in 4.3 per cent of the patients 
with head injuries and in 4.3 per cent of the hospital controls. The first 
1,000 consecutive hospital controls showed an incidence of 4 per cent. 
There is no significant statistical difference between this 4 per cent and 
the 4.3 per cent of the group with head' injuries. The actual difference 
between the two figures is less than three times the probable error. The 
relatively high incidence for the control group may be partly due to the 
large number of persons over 50 years of age. There were twice as 
many persons over 50 in the hospital control series as in the group with 
head injuries. The Babinski sign was nearly four times as frequent in 
persons over 50 as in those under 50 in the series of 2,500 control sub- 
jects. Syphilis played a small role in accounting for the Babinski sign. 
There was a slight difference in the incidence of positive serologic reac- 
tions of the blood between the 107 hospital patients with a positive 
Babinski sign and a similar number of patients of approximately the 
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same age distribution without a Babinski sign. There was no. significant 
increase in the incidence of positive Babinski signs in those with positive 
serologic reactions. 

Further confirmation of the theory that age is a factor was the 
observation that 1.15 per cent of the hospital controls between 21 and 
35 years of age (781 cases) and 1.25 per cent of the 704 inductees had 
a positive Babinski sign. The closeness of the figures obtained is addi- 
tional evidence that we were dealing with random samples. 

The literature reveals few similar studies on large numbers of peo- 
ple. Schuler ^ found extension, notably of the big toe, in 8 per cent 
of normal men and in 4 per cent of normal women. Cohn - described 
extension of the great toe, with either flexion or extension of the other 
toes, in 20 per cent of the cases in a series. Neither of these investiga- 
tors indicated the number of persons examined. Collier ® examined 
100 adults in the medical wards of a general hospital who were free 
from acute disease and presented no sign of any lesion of the nervous 
system. There was no dorsiextensor response in any instance. Walton 
and Paul ^ did not elicit the sign in a group of 100 adult patients who 
were not suffering from any nervous disorders and in a group of 100 
students at a girls’ school. Prince,® in examining presumably healthy 
men between 22 and 33 years of age for civil service tests, found that 
the sign occurred in 1 of 156 persons. Davidson ® examined 161 adults; 
151 had non-neurologic or orthopedic spinal conditions, and 10 were 
medical students. He stated that isolated extension of the big toe with 
fanning of the other toes does not occur in normal adults. Three per 
cent showed extension of the big toe, with extension of the little toes 
as well. Yakovlev and Farrell found a Babinski sign in 1 of 168 col- 
lege students in a camp for the Reserve Officers’ Training Corps. 

1. Schuler, L. : Beobachtungen fiber Zehenreflexe, Neurol. Centralbl. 18:585, 
1899. 

2. Cohn, M. : Ueber die Bedeutungder Zehenreflexe, Neurol. Centralbl. 18:580, 
1899. 

3. Collier, J. : An Investigation upon the Plantar Reflex with Reference to 
the Significance of Its Variations Under Pathological Conditions, Including an 
Enquiry into the Aetiology of Acquired Pes Cavus, Brain 22:71, 1899. 

4. Walton, G. L., and Paul, W. E, : Contributions to the Study of the Plantar 
Reflex Based upon Seven Hundred Examinations Made with Special Reference to 
the Babinski Phenomenon, J. Nerv. & Ment. Dis, 27:305, 1900. 

5. Prince, M. : The Great Toe (Babinski) Phenomenon: A Contribution to 
the Study of the Normal Plantar Reflex Based on the Observation of One Hundred 
and Fifty-Six Healthy Individuals, Boston M. & S. J. 144:81, 1901. 

6. Davidson, H. A.; Plantar Reflexes in Normal Adults, Arch. Neurol. & 
Psychiat. 26:1027 (Nov.) 1931. 

7. Yakovlev, P. I., and Farrell, M. J. : Influence of Locomotion on the Plantar 
Reflex in Normal and’ in Physically and Mentally Inferior Persons, Arch. Neurol. 

& Psychiat. 46:322 (Aug.) 1941. 
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In the tabulation are indicated various factors reported in the litera- 
ture which can cause the appearance of a fleeting Babinski sign. There 
were 28 patients with heart failure in the hospital series who had a 
positive Babinski sign. None of the other exciting factors listed were 
present. These variables must be borne in mind in making such control 
studies. 

Exciting Factor Author 

Exercise— 14 mile (22.5 kilometer) march 

Stay in bed for months or years 

Freezing (crymotherapy) 

Sleep 

Cheyne-Stokes breathing during apnea 

Cardiac insufficiency 

Jaundice; hepatitis 

Hypoglycemia (spontaneous) 

Hypoglycemia (overdose of insulin) 

Hypoglycemia (induced in psychosis) 

Opium 

Delayed chloroform, sulfonal (diethylsulfone 
•dimethylmethane), coal gas (carbon monox 

ide) and other poisoning 

Scopolamine 

Amytal 

Barbiturates 

Carbon disulfide 

Gasoline intoxication 

Nitrous oxide asphyxia 

Lead 

Strychnine 

Paraldehyde 

Vertigo 

7a. Sehestedt, H. : Beitrag zur Kenntnis des Babinskischen Zeichens, Deutsche 
Ztschr. f. Nervenh. 132:212, 1933. 

8. Davis, T. K. ; Neurological Observations in Crymotherapy, Bull. New York 
Acad. Med. 16:324, 1940. 

9. Hawthorne, P. O.: On the Occurrence of a Bilateral Extensor Response 
in States of Unconsciousness, Practitioner 93:330, 1914. 

10. Rosett, J.: The Mechanism of Thought, Imagery and Hallucination, New 
York, Columbia University Press, 1939, p. 226. 

11. Kleitman, N. : Effect of Prolonged Sleeplessness on Man, Am. J. Physiol. 
66:67, 1923. 

12. Tournay, A. : Respiration de Cheyne-Stokes et signe de Babinski periodique. 
Rev. neurol, 1:356, 1927. 

13. Monier-Vinard, M. : Deux observations de respiration periodique avec signe 
de Babinski periodique. Rev. neurol. 2:91, 1931. 

14. ^ Lhermitte, J., and Dupont, Y. : Le signe de Babinski a evolution rythmee 
par I’lnsuffisance cardiaque. Rev. neurol. 2:92, 1929. 

(Fooinotes continued on next page) 


Yakovlev and Farrell ’’ 

Sehestedt 
Davis ® 

Hawthorne*’ ; Rosett ***> ; Kleitman 
Tournay *>2 ; Monier-Vinard 
Lhermitte and Dupont ; Gondet 
Rolleston 

Feinier, Soltz and Haun 
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Heiman ; Hoch 2“ 

Walton and Paul i 


Elliott and Walshe^i 

Zador -- ; Rosenfeld 

Thomer si 

Ironside 25 

Lewy 21 

Machle 2 s 

Courville 20 

Abraham and Baird 20 

Babinski, quoted by Gondet 1 ^ 

Personal experience 

Berggren 21 
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SUMMARY 

The incidence of the Babinski sign was studied in three groups of 
subjects: {a) 2,500 patients with non-neurologic conditions admitted 
to a general hospital; (6) 1,000 patients with head injuries, and (c) 
704 inductees into the Army. 

Four and three-tenths per cent of patients in the first and second 
group had a positive Babinski sign. 

The Babinski sign was found in 1.15 per cent of the hospital control 
series, who were between the ages of 21 and 35 years, and in 1,27 per 
cent of the inductees, of the same age distribution. 

In the hospital series the Babinski sign was nearly twice as frequent 
in persons over 50 as in those under 50 years of age. 

Various factors which may produce a transitory Babinski sign are 
listed. 

1882 Grand Concourse. 


15. Gondet, R. ; Le signe de Babinski intermittent lie aux troubles cardio- 
respiratoires. Thesis, Paris, no. 26, Paris, M. Maloine, 1932. 

16. Rolleston, H. D.: Diseases of Liver, Gall-Bladder and Bile Ducts, New 
York, The Macmillan Company, 1912, p. 587. 

17. Feinier, L. ; Soltz, S. E., and Haun, P.: Syndrome of Adenoma of the 
Pancreas, Bull. Neurol. Inst. New York 4:310, 1935. 

18. Andersen, B. : Insulin Poisoning and Babinski’s Toe Sign, Ugesk. f. Iseger 
93:5, 1931. 

19. Heiman, M. : The Significance of the Babinski Sign During Hypoglycemic 
Treatment of Schizophrenia, Am. J. Psychiat. 96:387, 1939. 

20. Hoch, P. : Neurological Observations in Hypoglycemic States, Psychiatric 
Quart, 12:690, 1938. 

21. Elliott, T. R., and Walshe, F. M. R.: The Babinski or Extensor Form of 
Plantar Response in Toxic States, Lancet 1:65, 1925. 

22. Zador, J. : Ueber die Beeinflussbarkeit und Pathogenese des Babinskischen 
Reflexe, Monatschr. f, Psychiat. u. Neurol. 64:336, 1927. 

23. Rosenfeld, M. : Ueber die Wirkung des Scopolamins auf die motorischen 
Systeme des Zentralnervensystems, Monatschr. f. Psychiat. u. Neurol. 58:1, 1925. 

24. Thorner, M. W. : The Psychopharmacology of Sodium Amytal, J. Nerv. 
& Ment. Dis. 81:161, 1935. 

25. Ironside, R. ; Feigned Epilepsy in War Time, Brit. M. J. 1:703, 1940. 
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27. Lewy, F. H. : Neurological, Medical and Biochemical Signs and Symptoms 
Indicating Chronic Industrial Carbon Disulphide Absorption, Ann. Int. Med. 15: 
869, 1941. 
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Case Reports 


ABERRANT THYROID TUMOR OF THE VERTEBRAE 
WITH COMPRESSION OF THE SPINAL CORD 

Recovery After Operation and High Voltage . 

Roentgen Therapy 

Peter G. Denker, M.D. 

Associate Attending Ncuropsychiatrist, Bellevue Hospital 

AND 

Raymond L. Osborne, M.D. 

Resident Neurologist, Bellevue Hospital 

NEW 'YORK 

We report an unusual case of vertebral tumor composed of normal 
thyroid tissue, with secondary compression of the cord. We have been 
unable to find an exactly similar case reported in the literature. Of 
special interest is the fact that complete recovery was obtained after 
operation and high voltage roentgen therapy. 

REPORT OF A CASE 

History. — F. G., a 27 year old, married, Italian-born post office clerk, was 
first admitted to the neurologic service of Bellevue Hospital on Sept. 7, 1932, 
with the following complaints: (1) progressive weakness of tlie legs for the pre- 
ceding five months, at first noticed as a feeling of heaviness while running; 
(2) involuntary jerkings of his legs for the previous four months, worse in the 
right leg; (3) subjective feelings of numbness and tightness for the previous three 
months, at first' noted in the left knee but soon followed by similar sensations in 
the right knee, with gradual extension up the body to the level of the chest; 
(4) urinary disturbances of five months’ duration, initially in the nature of retar- 
dation of flow, followed two months before admission by a “drawn feeling like 
electricity” in both legs while voiding; (5) loss of libido of one month’s duration, 
with sensations during orgasm similar to those experienced while voiding, and 
(6) pain in the lower thoracic portion of the spine for the previous month. 

The only significant events in his past history were tonsillectomy one year 
before admission and herniorrhaphy eight years previously. 

Physical Examination . — The results of examination were without significance 
except for the neurologic signs. The cranial nerves were normal. Sensory exami- 
nation revealed hypalgesia and hypesthesia below the fourth thoracic level and 
loss of position sense in the toes. There was no deep pain when the achilles 
tendons were squeezed. Vibration sense was lost in the legs, and the sacral region 
was spared. Both lower extremities were spastic, with marked weakness. There 
was ataxia in the heel to knee test; all the deep reflexes of the legs were hyper- 
active, with bilateral ankle clonus; the Babinski sign was present bilaterally, and 
the abdominal and cremasteric reflexes were absent. There was tenderness on 
pressure over the third dorsal spine. 

^ Laboratory Data . — ^The blood count revealed 4,360,000 red blood cells per cubic 
millimeter, 80 per cent hemoglobin (100 per cent is equivalent to 14.5 Gm. per 
hundred cubic centimeters) and 10,500 white blood cells per cubic millimeter, the 

From the Neurological and Neurosurgical Service (Second Medical Division, 
Cornell University Medical College), Bellevue Hospital; Dr. Foster Kennedy' 
Chief of Service. ’ 
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smear and the differential count being normal. The nonprotein nitrogen of the blood 
measured 30 mg. per hundred cubic centimeters and the blood sugar 92 mg. 
A culture of the blood was sterile; tlie Wassermann reaction of the blood was 
negative, and the basal metabolic rate was plus 14.8 per cent. 

Roentgenograms of the spine showed some erosion of the transverse processes 
of the third 'thoracic vertebra, with no evident involvement of the vertebral body. 
Fluoroscopic examination showed nothing abnormal. 

Lumbar puncture revealed a clear, colorless spinal fluid; the initial pressure 
was 180 mm. of water, and there was a complete manometric block on jugular 
compression. The cell count of the spinal fluid was 6 lymphocjdes per cubic 
millimeter; the Wassermann reaction was negative, and the colloidal gold curve 
was 0000000000. 

Operation. — Laminectomy was performed on September 28. The spinous proc- 
esses of the third to the fifth thoracic vertebrae inclusive were exposed, which 
revealed a soft tumor involving and partially destroying these processes as well 
as the laminas of the second and third thoracic vertebrae. The tumor was 
described as pink, with the consistency of bone marrow, infiltrating and very 
vascular, with a tendency to bleed profusely wherever it was touched. The dura 
was not opened. 

Pathologic Report. — The specimen of tumor tissue removed at operation con- 
sisted of “apparently normal tliyroid tissue, with high alveolar epithelium and no 
evidence of malignancy. It undoubtedly represented aberrant thyroid tissue.” 

Postoperative Treatment. — After operation the affected vertebrae were treated 
with high voltage roentgen therapy, with gradual improvement. E.xamination on 
Nov. 6, 1932 revealed slight increase in the strengtli of the legs and some dimi- 
nution in the sensory disturbance. Delay in starting the urinary stream was no 
longer present. The patient was discharged from the hospital on Dec. 9, 1932, 
improved. 

Subsequent Course. — In August 1933 the patient returned to the neurologic 
clinic complaining of recurrence of the weakness in his legs and mild pares- 
thesias in both feet. Neurologic examination at this time revealed a sensory 
level up to the fourth thoracic segment, with weakness of the legs. Ankle clonus 
and the Babinski sign were elicited bilaterally. The abdominal refle.xes were 
absent. In short, there was recurrence of the original signs and s 3 'mptoms. 
The patient was therefore readmitted to the neurologic service on Sept. 28, 1933. 

On admission, neurologic examination revealed the same changes as tliose 
noted in September 1932, on his first admission. Lumbar puncture was again 
performed; the fluid was clear and colorless, with a partial manometric block 
and a total protein content of 100 mg. per hundred cubic centimeters. Neuro- 
surgical consultation was requested, and operation v'as pronounced inadvisable. 
He was therefore given another course of high voltage roentgen , treatments and 
discharged on Nov. 16, 1933, unimproved. 

On Jan. 4, 1934 the patient was readmitted for the third time, complaining of 
a progressive downhill course since his previous admission. He had become more 
paralyzed and was bedridden. There was difficulty in starting the urinary stream. 
No symptoms of goiter or hyperthyroidism were observed on this or any other 
examination. The neurologic findings were again essentially similar to those on 
his original admission except that the paraplegia had become gradually more 
severe. Radiation therapy was again resorted to. Over the next few months no 
noticeable improvement occurred, and the patient remained bedridden. 

The entire case was reviewed, and the absence of improvement, with the per- 
sistence of manometric. block, seemed to warrant surgical reexploration. On 
May 17, 1934 laminectomy was therefore again performed. The previous scar 
was excised ; the fascia and muscles were split, and the tumor was exposed. 
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The growth was composed of reddish brown, soft tissue resembling normal 
thyroid in consistency and appearance. A large portion was removed with the 
curet. Because the tumor tissue had extended into the body of the fifth thoracic 



Fig_ 2. — Higher magnification of a portion of the tumor tissue shown in figure 1 ; 


X 736. 

vertebra, total removal was considered inadvisable. Pathologic study of this 
specimen of tumor revealed well preserved, normal thyroid tissue, which was 
not malignant. 

After the second operation high voltage roentgen therapy was again instituted 
and continued over the next six months. Gradual improvement in the clinical 
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status occurred. At the time of discharge, in December 1934, the patient was 
able to walk and void normally, and only minimal sensory changes remained. 

Since then he has been observed periodically and has had repeated neurologic 
examinations. At present, in January 1943, he has no subjective complaints; the 
neurologic status is normal, and the patient has been back at his usual employ- 
ment as a post office clerk for the past eight years. 

COMMEKT 

We believe that this case is unique in that (1) complete recovery 
has been obtained and the patient has been entirely well without further 
therapy for nine years, and (2) no tumor of the thyroid gland or any 
symptom of hyperthyroidism has ever been observed in this case. In 
view of the long period of observation (ten years), as well as the absence 
of signs of malignancy in the histologic sections of the tumor itself, one 
can rule out a metastatic carcinoma from the thyroid gland. It is there- 
fore necessary in this case to assume that the spinal tumor originated 
either from aberrant thyroid tissue or from dislodged cells of normal 
thyroid tissue, the so-called benign th 3 ^roid metastasis. The latter con- 
dition of benign metastasis is one of extremely difficult definition. 
Ewing,^ in discussing thyroid metastasis to the spine, pointed out that 
the tumor reproduces thyroid tissue with fidelity but that in most 
recorded cases, though the thyroid tissue itself is considered benign, the 
secondary deposits usually become malignant. This obviously did not 
occur in our case, possibly owing to the beneficial effects of the high 
voltage roentgen therap)^ It should be recalled that the entire tumor 
mass was not removed surgically because of the extensive involvement 
of bone. No additional roentgen therapy has been administered since 
December 1934; yet no evidence of recurrence locally or in any other 
organ of the body has been noted. It therefore seems most logical to 
ascribe the lesion in our case to hyperplasia of aberrant thyroid tissue. 

SUMMARY AND CONCLUSIONS 

A case of aberrant thyroid tumor of the vertebrae with compression 
of the spinal cord and complete recovery following operation and high 
voltage roentgen therapy is reported. 

The possible histogenesis is discussed. 

The beneficial effect of high voltage roentgen therapy on such a lesion 
is stressed. 

It is reasonable to assume, from the ten years of follow-up obser- 
vation, that complete recovery has occurred. 

No similar case of aberrant or benign metastatic thyroid lesion of 
the spine with complete recovery has been found in a review’^ of the 
literature. 

140 East Fifty-Fourth Street. 

1940^' Neoplastic Diseases, Philadelphia, W. B. Saunders Company, 



News and Comment 


COMMITTEE ON WAR PSYCHIATRY OF THE AMERICAN 
PSYCHIATRIC ASSOCIATION 

The Committee on War Ps}Thiatry of the American Psychiatric Association 
has published a study dealing with the steps which have been taken for the main- 
tenance and improvement of civilian mental health in various types of communities 
throughout the country. The procedures used in state-wide areas, large cities and 
metropolitan districts and in small towns and rural areas have been assembled, 
and their fundamental principles have been described. 

This publication may be obtained without cost on application. More detailed 
information on particular aspects of civilian mental health may be secured on 
request. Such material for rural areas may be obtained from Dr. T. Raphael, 
University of Michigan, Ann Arbor, Mich.; for state-wide areas from Dr. F. H. 
Sleeper, 100 Nashua Street, Boston, and for large cities and metropolitan areas 
from Dr. D. Ewen Cameron, Albany Hospital, Albany, N. Y. 

TOPEKA INSTITUTE FOR PSYCHOANALYSIS 

The Topeka Institute for Psychoanalysis, which has since 1938 acted as a 
branch of the Chicago Institute for Psychoanalysis, has been authorized to func- 
tion as an independent institute by the American Psychoanalytic Association and 
its constituent societies. 

The aim of the Topeka Institute is primarily the training of physicians in the 
theory and practice of psychoanalysis; secondarily it aims to promote an adequate 
knowledge of psychoanalysis among members of professions with problems related 
to psychoanalysis, such as general medical men, psychiatric nurses, social workers 
and teachers. 

In its curriculum for physicians the institute intends to provide, in addition to 
preparatory analyses, a complete program of psychoanalytic instruction covering 
all requirements laid down in the “Minimal Standards for the Training of Physi- 
cians in Psychoanalysis” of the American Psychoanalytic Association. In order 
to fulfil this, a three year period of theoretic instruction is regarded as necessary. 

The institute will operate in three places; Topeka, Kan.; Los Angeles, and 
San Francisco. 

AMERICAN BOARD OF NEUROLOGICAL SURGERY 

The next examination of the American Board of Neurological Surgery will be 
held in Chicago, at the Illinois Neuropsychiatric Institute, on Feb. IS and 16, 1943. 
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Abstracts from Current Literature 

Edited by Dr. Bernard J. Alpers 


Anatomy and Embryology 

Structures of the Neurohypophysis with Special Reference to Nerve End- 
ings. E, Vazquez-Lopez, Brain 65:1, 1942. 

This investigation deals with the manner in which nerve fibers end in the 
hypophysis. It was made chiefly on frozen sections of the pituitary gland of the 
horse, some studies also being made on the ox, sheep, rabbit, guinea pig and rat. 
Nerve fibers were stained by silver and gold impregnation methods, various technics 
being followed in order to assure proper differentiation of connective tissue, nerve 
fibers and neuroglial prolongations. 

Nerve fibers to the hypophysis arise in hypothalamic nuclei, pass through the 
eminentia media of the tuber cinereum and enter the stalk grouped together in 
thick, close-set bundles. As they enter the pars nervosa, they fan^ out, and 
toward the distal portion they form a dense network of fibers running in all 
directions. Many of these fibers end in the perivascular spaces formed by the 
neuroglia around the blood vessels of the neurohypophysis. In this acellular 
area, the nerve fibers are seen to form extensive arborizations, including various 
swellings, clubbings and meniscuses. This typical nerve ending apparatus in rela- 
tion to the blood vessels is present in a profusion such as is rarely equaled else- 
where in the body. 

A second group of fibers enters the pars intermedia, where it appears to come 
into direct contact with the epithelial cells of the region and to form expansions 
and other structures, suggesting that the nerve fibers end among these cells. Actual 
pericellular plexuses were not observed. A third group of fibers, in the most distal 
portion of the gland, forms a system of nerve bundles lying beneath the connective 
tissue capsule of the pars nervosa and ends in relation to special meningeal cor- 
puscles which lie embedded in the thick fibrous covering of the apical region. 

The nerve fibers and nerve endings innervating the meningeal corpuscles are 
similar morphologically to those ending in the perivascular networks, suggesting a 
similar function. The meningeal corpuscles appear to have only a sensory function. 
Furthermore, the morphologic appearance of the nerve endings in the perivascular 
spaces suggests a close relationship to perivascular nerve endings of a sensory 
character present in other parts of the body. These facts indicate that the great 
rnass of the neurohypophysis consists of sensory elements and that the main func- 
tion of the organ must be that of a gigantic perivascular receptive apparatus. 
Vazquez-Lopez suggests that this sensory system may consist of chemoreceptors 
and pressoreceptors concerned with regulation of metabolic and hormonal func- 
tions. This regulation is mediated through the diencephalic centers in which the 
nerve fibers to the neurohypophysis originate. Maslanp, Philadelphia. 

The Presence and Localization of Vitamin C in the Central Nervous 
System. G. Wolf-Heidegger, Confinia neurol. 4:121, 1942. 

The author studied the presence and localization of vitamin C in the brains 
of rats and of normal and scorbutic guinea pigs by the use of the histochemical 
method of Giroud-Leblond. By this method the silver granules indicating the 
presence of ascorbic acid could be seen in the various types of nerve cells in all 
the regions of the brains of rats and normal guinea pigs. These granules were 
noted only in the cell plasma, never in the nuclei. In the pyramidal cells the 
granules were present in the cone of origin and in the proximal portion of the 
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axon. Microglia and oligodendroglia showed a definite vitamin C reaction. No 
evidence of vitamin C was observed in the cells of the choroid plexus. The 
ependymal cells were free from granules. The peripheral nerves gave no vitamin C 
reaction. In scorbutic ^inea pigs none of the investigated portions of the nervous 
system showed a positive reaction for vitamin C. DeJong, Ann Arbor, Mich. 


Physiology and Biochemistry 

The Normal Rate of Reduction of Methemoglobin in Dogs. William W. 
Cox and William B. Wendel, J. Biol. Chem. 143:331, 1942. 

Methemoglobin contained within circulating erythrocytes of dogs is reduced to 
hemoglobin at a constant average rate of 11.3 per cent of the total pigment per 
hour. This rate, therefore, represents the maximum resistance of this species to 
accumulation of methemoglobin. Reduction of intracorpuscular methemoglobin is 
solely a function of enzyme systems contained within the erythrocytes. Ability 
to reduce methemoglobin is impaired by low body temperature. It is not affected 
by severe hj'poglycemia or b 3 ’^ blood sugar concentrations several times the normal. 
Capacity to convert methemoglobin to hemoglobin is not diminished even after all 
the blood pigment has been converted to methemoglobin four times in a relatively 
short period. Indianapolis. 

The in Vitro Formation of Phospholipid by Brain and Nerve with Radio- 
active Phosphorus as Indicator. B. A. Fries, H. Schachner and 
1. L. Chaikoff, J. Biol. Chem. 144:59, 1942.' 

In vivo experiments with radioactive phosphorus have clearly established that 
liver and small intestine are organs in which phosphatide metabolism is great, 
while in brain it is low. The question arises whether nerve tissue can synthesize 
phosphatide or must acquire it from plasma. The authors have demonstrated 
that excised brain of young and old rats and nerve of dog form phosphatide in 
vitro. Slices as lyell as homogenate form it. Page Indianapolis. 

The Behavior of Lipids During Autolysis of Liver and Brain. W. M. Sperry, 
F. C. Brand and W. M. Copenhaver, J. Biol. Chem. 144:297, 1942. 

Neither cholesterol nor phosphatides change in brain or liver when autolysis 
' occurs. They become concentrated because of the large loss of tissue during autol- 
ysis. Cholesterol is similarly concentrated in liver left free in the abdominal 
cavity. Page, Indianapolis. 

Arterial and Cerebral Venous Blood; Arterial-Venous Differences in 
Man. E. L. Gibbs, W. G. Lennox, L. F. Nims and F. A. Gibbs, J. Biol. 
Chem. 144:325, 194^ 

The determinations of oxygen, carbon dioxide, pn, lactic acid, sugar, total base 
and inorganic phosphorus have been measured on the arterial and the internal 
jugular venous blood of SO intelligent, healthy young men with normal electro- 
encephalograms. Samples of blood from an artery and the internal jugular vein 
were drawn simultaneously, thus permitting estimation of the metabolic activity of 
the brain. These data furnish normal control data for future studies of the 
metabolism of brains which are functioning abnormally. The respiratory quotient 
of the brain in this series was 0.99. This figure, together with data on the con- 
centrations of sugar, lactic acid and oxygen in the blood entering and leaving the 
brain indicates that sugar is the principal source of energy for the brain in vivo. 
However, not all the sugar is completely oxidized, for a small part appears to be 
converted into lactic acid. Page, Indianapolis. 
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A Study of the Nitrogenous Constituents of Tissue Phosphatides. E. . 

Chargaff, M. Ziff and D. Rittenberg, J. Biol. Chem. 144:343, 1942. 

The distribution of ethanolamine and choline in partially purified phosphatides 
from liver, brain and heart was determined by the method of isotope dilution with 
The amino acid content of these phosphatides, as well as of samples from 
lung and egg yolk, was likewise determined. In a preparation of pig liver phos- 
phatides 35.6 per cent of the amino nitrogen could not be chai'acterized either as 
ethanolamine or as amino acid. All of the nonamino nitrogen in a hydrolyzate of 
this phosphatide was found to be present as choline. In a preparation of beef 
brain phosphatides all the amino nitrogen could be identified as ethanolamine and 
amino acid, whereas only 50 per cent of the nonamino nitrogen was accounted for 
as choline. In a preparation of pig heart phosphatides 86.8 per cent of the amino 
nitrogen was accounted for as ethanolamine and amino acid, and only 49.3 per 
cent of the nonamino nitrogen could be characterized as choline. The phosphatides 
from brain and lung were found to have the highest amino acid content. The 
egg yolk phosphatides were free of amino acid. Data on the effect of storage on 
phospholipid composition and a discussion of some of the implications of the 
experimental results are included. Page, Indianapolis. 

Cure of Paralysis in Rats with Biotin Concentrates and Crystalline 
Biotin. E. Nielsen and C. A. Elvehjem, J. Biol. Chem. 144:405, 1942. 

In a previous paper Nielsen and Elvehjem showed that a “spectacle eye con- 
dition” in rats, produced by the addition of 10 per cent egg white to a purified 
ration containing synthetic B complex vitamins, could be prevented and cured by 
the addition of biotin. If the rats were continued on the egg white ration for 
six to eight weeks after the “spectacle eye” symptom appeared, typical paralysis 
or spasticity of the hindlegs developed. The administration of biotin concentrates 
or biotin is specific for this syndrome. High levels of fat in the diet slightly 
prolong the onset of paralysis. Riboflavin, pyridoxine or the combination of the 
two vitamins was without effect. High creatine levels were observed in the leg 
muscles of paralytic rats. Indianapolis. 

Occurrence of Sphingomyelin in Tissues of the Cat. F. E. Hunter, 
J. Biol. Chem. 144:439, 1942. 

Although the presence in tissues of at least* three different phospholipids has 
been known for many years, the methods available limited earlier studies chiefly 
to the total phospholipid fraction in various tissues. Only in recent years have 
detailed studies concerning the lecithins and cephalins appeared and added to 
knowledge of their possible functions. Considerably less is known concerning the 
phospholipid sphingomyelin. The sphingomyelin concentration found in eleven 
tissues from cats varied from 0.075 per cent, in skeletal muscle, to 1.25 per cent, 
in the brain. The proportion of sphingomyelin in the total phospholipid ranged 
from 7.5 to 33.2 per cent, so that there was no correlation between sphingomyelin 
and total phospholipid. The values are compared with those found for tissues 
from other species by previous workers. Some possible relation of sphingomyelin 
to fat metabolism and special properties or functions of tissues are discussed. 

Page, Indianapolis. 

The Pyramidal Tract: The Effect of Pre- and Postcentral Cortical 
Lesions on the Fiber Components of the Pyramids in Monkey. A. M 
Lassek, j. Nerv. & Ment. Dis. 95:721 (June) 1942. 

Lassek believes that there is no convincing proof that destruction of area 4 
causes complete degeneration of the axis-cylinders within the pyramids of the 
medulla oblongata in primates or in other mammals. In this investigation he 
studied the effect on the fiber components of the pyramids of extirpations of the 
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precentral and postcentral cortex, using a refined silver stain as a criterion of 
fiber loss. 

The left cerebral cortex in each of 6 monkeys ivas operated on; in 3 animals 
the motor cortex (area 4) was removed, in 1 the postcentral gyrus and adjacent 
portion of the parietal lobe were extirpated and in 2 combined lesions of the central 
gyri were made. After from nine to eighteen weeks selected sections were taken 
from both sides of the mesencephalon, the pons, the medulla and each of the four 
regions of the cord, embedded in paraffin and stained with protargol (protein 
silver). In each specimen the pyramids of the normal and the experimental side 
were measured for square area and the fiber components were compared. 

Extirpation of the Betz cell region (area 4) caused degeneration of only a 
portion of the fibers within the pyramid. In a typical monkey the affected pyramid 
was 13 per cent smaller than normal and possessed 68 per cent as many axis- 
cylinders. More extensive lesions extending in front of and behind the central 
sulcus failed to cause complete degeneration of the pyramids, and it is the impres- 
sion of the author that the parietal cortex contributes few, if any, fibers to the 
pyramidal system. In none of the medullas of the 6 monkeys could any trace be 
found of either a circumolivary or a recurrent Pick’s bundle, and no evidence of 
a ventral corticospinal tract was seen in the spinal cords. 

Lassek’s obsen'ation that about two thirds of the pyramidal fibers were intact 
after destruction of area 4 is in accord with the results of other investigators on 
the rabbit, cat, monkey and dog. The fibers lost were mainly of the large 
myelinated type. The view that the Betz cells give sole origin to the fibers of 
the pyramidal tract has been based almost entirely on results drawn from retro- 
grade experiments, and the author questions the validity of these conclusions for 
several reasons. Furthermore, numerical studies have shown that the large motor 
cells of area 4 could not possibly account for more than 2 or 3 per cent of the 
fibers within the pyramids. It is difficult to see how the large Betz cells could 
give origin to the small myelinated and unmyelinated fibers which comprise a 
substantial portion of the pyramids. Chodoff, Langley Field. Va. 

Effect of Alkalosis and Acidosis on Cortical Electrical Activity and 
Blood Flow. Albert J. Lubin and J. C. Price, J. Neurophysiol. 5:261, 1942. 

It has been generally believed that changes in cortical potentials associated 
with variations in carbon dioxide tension have been the result of the concomitant 
“alkalosis” and “acidosis.” In these experiments on 12 cats, intravenous injections 
of hydrochloric acid and of sodium carbonate sufficiently large to alter the respira- 
tory rate failed to disturb the cortical potentials significantly. The authors 
suggest that changes produced by increasing or decreasing the carbon dioxide 
tension of the blood are related to the effect of carbon dioxide itself rather than 
to the resultant change in hydrogen ion concentration of either the blood or the 
tissues. 

Effects on the pial arteries were photographed through a lucite window in the 
skull of each animal. The acid tended to dilate the capillaries and the base to 
constrict them. There was no apparent relationship between these changes and 
the cortical potentials. Drayer, Philadelphia. 

Origin Conduction and Termination of Impulses in Dorsal Spinocerebellar 
Tracts of Cats. Harry Grundfest and Berry Campbell, J. Neurophysiol. 
5:275, 1942. 

Grundfest and Campbell studied electrical activity along the dorsal spinocere- 
bellar tract of cats. Stimuli were delivered to peripheral nerves of the hindlimbs 
and to the tract itself. Contralateral stimuli evoked no impulses. The fibers in 
this tract are larger than those in the fasciculus gracilis, and impulses travel 
along it nearly twice as rapidly. There is a delay of five-tenths to nine-tenths 
millisecond, after the primary impulses arrive in the collaterals to Clarke’s column, 
but the difference in rate of travel allows the impulses along Flechsig’s tract to 



ABSTRACTS FROM CURRENT LITERATURE 


287 


reach the medulla more than one millisecond earlier than the corresponding 
impulses along the fasciculus gracilis. 

Conditioning by stimulation of other afferent pathways was observed. the 
electrical data indicate that the cells of origin of the fibers of ^ the tract receive 
collaterals from more than one primary sensory neuron, and evidence also ^points 
to their activation by internuncial chains of varying degrees of complexity.” 

Responses in the cerebellar cortex were considerable. The early components 
were found to be “largely or entirely due to the mediation of impulses from 
Flechsig’s tract.” Drayer, Philadelphia. 


Interference Factors in Delayed Response in Monkeys After Removal of 

Frontal Lobes. Robert B. Malmo, J. Neurophysiol. 5:295, 1942. 

After bilateral removal of the frontal association areas, monkeys succeeded in 
delayed response performance when darkness was maintained during the delay 
interval. Unlike normal animals, however, these animals failed in the test when a 
bright light was turned on in the cage during the delay interval'. The indirect 
method of delayed response was used throughout the experiment; that is, light 
instead of food was used as the cue stimulus. 

These results make necessary the revision of previous theories concerning the 
functions of the frontal association areas. The hypothesis is suggested that removal 
of the frontal association areas in primates leads to impairment in the general 
capacity for memory, because the loss of these areas renders them more susceptible 
to retroactive inhibition. Drayer, Philadelphia. 

Observations in Hypoglycaemia : III. C. S. F. Sugar and Coma. W. Mayer- 
Gross and F. Berliner, J. Ment. ,Sc. 88:82, 1942. 

These studies were based on determinations of sugar in 35 specimens of 
cerebrospinal fluid obtained from 6 patients. To avoid the influence on the blood 
sugar of the stimulus of the lumbar puncture, samples of blood were generally 
taken ten to twenty minutes before the spinal puncture and the sugar levels of 
these specimens determined. The sugar curves for the two mediums tended to be 
parallel, with some delay in the increase of the cerebrospinal sugar. In these 
cases hypoglycemic coma was no more dependent on a low sugar level in the 
cerebrospinal fluid than it was on a low level in the blood. 

Drayer, Philadelphia. 

Further Observations on Sodium Amytal Experiments. F. Reitmann, 
J. Ment. Sc. 88:122, 1942. 

The experiments reported in this paper deal with the reactions of 30 psychiatric 
patients, chiefly neurotic to intravenous injections of sodium amytal. The effects 
on the blood sugar levels were studied. It was found that the psychologic effects 
of sodium amytal were accompanied by slight hyperglycemia. In some cases 
there was temporary depression of the dextrose tolerance curve. The author 
suggests that these facts are in support of the belief that sodium amytal has a 
direct action on the hypothalamic centers, and does not simply release these 
nuclei by depression of tiie cortex. Philadelphia. 


Neuropathology 

Suprasellar Tumors Related to the Pars Intermedia of the Hypophysis. 
W. G. MacCallum, Arch. Path. 34:13 (July) 1942. 

In the adult the cells of the pars intermedia can be distinguished from those 
of the more specialized anterior lobe. Its cells are often in irregular clumps, fre- 
quently forming srnall cysts with a colloid content. Occasionally the lining* cells 
present a more cylindric form with some evidence of cilia on their free surfaces. 



288 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Often the cells extend into the posterior lobe and are scattered along the stalk 
up to the base of the third ventricle, where they are closely connected with the 
pars tuberalis. 

The tumor from these cells forms a mass which extends above the diaphragma 
sella, although it may extend down and compress the hypophysis and partially 
surround its stalk. The further growth, within a capsule, projects upward and 
forward so as to compress the optic chiasm and one or both optic nerves; thence 
it extends into the floor of the third ventricle and upward so as to occupy the 
cavity of the latter and destroy the fornix and surrounding structures. 

The symptoms produced are almost identical in all cases: bilateral hemianopia 
and often complete blindness in one eye, weakness, loss of libido and beginning 
obesity. 

The surgical treatment has consisted of incision into the capsule and curetting 
of the contents. 

Microscopically the cells are alike throughout. They tend to be cylindric, around 
capillaries, and often there arc slightly irregular spaces between the strands of 
such cells. No stain brings out anything specific in the nature of granules. The 
tumor must be distinguished from chromophobe adenoma of the hypophysis. 
Usually the lesion is located within the anterior lobe, seldom reaching the capsule. 

The author has suggested that the Cushing syndrome is due to a nodule of pars 
intermedia within the anterior lobe, but this has been “violently contradicted.” 

WiNKELMAN, Philadelphia. 

Fibrosarcoma of Arachnoidai. Origin with Metastases. William 0. 
Russell and Ernest Sachs, Arch. Path. 34:240 (July) 1942. 

Russell and Sachs report 4 cases of a malignant intracranial tumor believed 
to have its origin in arachnoidal cells. Only 4 cases of a similar kind were 
found in the literature. Of the authors’ 4 cases, metastases into distant organs 
occurred in 3, and in the fourth case invasion of blood vessels by tumor suggested 
metastases, but these could not be found. 

The tumors were closely related to arachnoidal fibroblastoma but were char- 
acteristic of fibrosarcoma, a malignant mesodermal tumor showing a type cell 
which resembled a fibroblast and produced collagen and reticulum. The authors 
suggest the term arachnoidal fibrosarcoma for this type of lesion. 

Only . 1 case need be cited. In a woman of 38, who had had an intracranial 
tumor removed thirteen years before, abdominal symptoms developed. At operation 
the surface of the liver was observed to be “covered with grayish white nodules 
of tumor.” The histopathologic diagnosis was fibrosarcoma. The hepatic lesion 
was considered to have metastasized from the original cerebral tumor. 

WiNKELMAN, Philadelphia. 

Encephalomalacia with Cavity Formation in Infants. Lewis D. Stevenson 
and Lillian E. McGoavan, Arch. Path. 34:286 (July) 1942. 

Stevenson and McGowan describe their observations on 7 infants with what 
they term “encephalomalacia with cavity formation,” mainly within the white 
matter. The cause is unknown ; in 3 of their cases the Wassermann reaction was 
positive. The condition does not depend on thrombosis of venous sinuses, on an 
arterial abnormality of the brain or on encephalitis. 

It was present at birth, and ^the clinical picture developed shortly thereafter. 
There is no characteristic clinical syndrome, but the condition can be diagnosed 
during the life of the- infant by encephalogram, which shows enlargement of the 
ventricles and in many cases filling of the subcortical cavities with air. 

WiNKELMAN, Philadelphia. 
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A Circumscribed Arachnoid Sarcoma of the Cerebellum. B. Marquardt, 

Ztschr. f. d. ges. Neurol, u. Psychiat. 171:117 (Feb.) 1941. 

The author adds a fourth case of arachnoid sarcoma to 3 previously reported 
by Foerster and Gagel. The patient, a 43 year old woman, had a sudden onset 
of the illness, with severe occipital headaches. These disappeared but recurred 
about a month later, with intensification of the pain on bending. They were not 
relieved by lying down. Dizziness and' occasional nausea were noted when she 
was off the bed. About four months after the onset she_ lost consciousness a few 
hours after a skiing accident. The next day the occipital headache recurred. 
Shortly before admission her gait was noted as unsteady. On admission she com- 
plained of pain in the head on moving it backward j she held her head stiffly , thei e 
was slight nystagmus on right horizontal gaze; the edge of the left disk was 
blurred; there were niild ataxia in the finger to nose test on the left side and 
some unsteadiness in the heel to knee tests; she fell backward and to the left in 
the Romberg test. A ventriculogram showed pronounced internal hydrocephalus 
with dilatation of the third ventricle. The fourth ventricle and the aqueduct of 
Sylvius were not seen. Death followed operation. 

A soft white tumor, the size of a plum, was observed in the region of the 
vermis. The cerebellum was indented at the site of the tumor, which was readily 
removed. The meninges around the tumor seemed thickened. Histologic examina- 
tion revealed a sarcoma with extension of the tumor tissue into the cerebellar 
cortex. Two types of cells were seen — a smaller, deeply staining lymphocyte-like 
cell, with a poorly delineated nucleus and cell membrane, and a larger, poorly 
staining, oval cell, with a clear nucleus and cell membrane. These cells showed 
a tendency to infiltrate the adventitial layer only. Differential stains showed no 
glia cells or fibers and no ganglion cells or axis-cylinders. There were no gitter 
cells. Reticular fibers were present. Savitsky, New York. 

Characteristic Alterations in Ganglion Cells in Cases of Hepatolen- 
ticular Degeneration and Other Hepatocerebral Diseases. N. W. 

Konowalow, Ztschr. f. d. ges. Neurol, u. Psychiat. 171:229 (Feb.) 1941. 

Konowalow previously described (Ztschr. f. d. ges. Neurol, u. Psychiat. 169 : 
220, 1940) alterations in astrocytes which account for the Alzheimer glia cells 
associated with pseudosclerosis. He now describes similar changes in the ganglion 
cells, which he observed to be extensive in 3 of 8 cases of hepatolenticular degener- 
ation. The cell changes^ were encountered especially in the large cells of the 
striatum, in the medial and central nuclei of the thalamus, in the pontile nuclei and 
in the deeper layers of the cerebral cortex. The cell nucleus was enlarged to about 
twice its size, while the protoplasm was broken down and showed chromatolysis. In 
some cells the nuclei seemed inordinately large because of the breakdown of the 
cell body, but in most there was actual enlargement of the nucleus. Another, less 
frequent, change in the ganglion cells was the disappearance of the chromatin in 
the nucleus, with relative intactness of the cytoplasm. Savitsky New York. 

Lipoma of Corpus Callosum. Horst Merkel, Ztschr. f, d. ges. Neurol, u. 

Psychiat. 171:269 (Feb.) 1941. 

Merkel reports the case of a woman of 57 who died of pemphigus. There 
were no mental or nervous symptoms during life. Necropsy revealed wide- 
spread pemphigus, bronchopneumonia, lipomatosis and a lipoma lying on the 
left side of the corpus callosum. This tumor could be followed from the rostrum 
to the region of the splenium, around which it wound itself. It was then 
observed to be connected with a yellow-white mass of fat tissue in the choroid 
plexus. The lipoma was 7 mm. wide anteriorly and 6 mm. wide posteriorly. It 
was distinct from the surrounding brain tissue. There was also some fatty tissue 
111 the region of the chiasm. 
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Microscopic examination showed, in addition to fat cells, a considerable amount 
of collagenous tissue. This connective tissue extended even into the corpus 
callosum, especially its posterior portion. A fefv fat cells were also seen within 
the tissue of the corpus callosum. There was no developmental defect of the 
callosum itself. ■ 

The author agrees with Krainer, who maintained that lipomas of the corpus 
callosum are due to developmental defects. Some of the embryonic meningeal 
tissue fails to differentiate. The presence of this tumor tissue in the corpus 
callosum is in support of the hypothesis that the corpus callosum is formed by 
the fusion of structures coming from both cerebral hemispheres. 

Twenty-four other cases of lipoma in the region of the corpus callosum were 
collected, in only 7 of which there were no definite developmental defects of the 
corpus callosum. Savitsky, New York. 

Psychiatry and Psychopathology 

A Study of Frontal Lobotomy; Neurosurgical and Psychiatric Features 
AND Results in 22 Cases with a Detailed Report on S Chronic 
Schizophrenics. Edward A. Strecker, Harold D. Palmer and Francis C. 
Grant, Am. J. Psychiat. 98:524 (Jan.) 1942. 

Strecker, Palmer and Grant report the results of frontal lobotomy on psy- 
chotic patients. It is their opinion that this drastic procedure should be used 
only as a last resort. They conclude that a year should elapse after operation 
before one makes even a preliminary judgment as to the result. Twenty- two 
patients were studied, including 16 with agitated depression, 5 with schizophrenia 
and 1 with a se.x problem. There were 2 operative deaths, 1 as the result of 
anesthesia and the other from postoperative hemorrhage. Both deaths occurred 
in the group with agitated depressions. Twelve of the 16 patients comprising 
this group were sufficiently recovered to leave the institution, and only 1 failed 
to show some improvement. Palmer notes that patients with agitated depressions 
showed not only diminution in agitation and loss of the affective disturbance but 
unwillingness to review the thought content present during the psychosis. Two 
of the 5 schizophrenic patients were sufficiently recovered to leave the institu- 
tion; the other 3 were improved. Strecker points out that complete recovery 
must not be expected in the stormy, violent, destructive, aggressive type of schizo- 
phrenia such as characterized the group in this study. The postoperative reedu- 
cation and rehabilitation of patients are considered to be of the utmost importance. 

Forster, Boston. 

A Modified Rorschach Technique for the Description of Transitory 
Post-Convulsive Personality States. Edward J. Stainbrook, Rorschach 
Research Exchange 5:192 (Oct.) 1941. 

Because controlled convulsion conditions make possible a closer investigation 
of personality reintegration after a severe convulsive crisis, psychiatric utiliza- 
tion of therapeutic convulsions has increased greatly. 

In order to obtain a “cross section” description of tlie personality at various 
times during the recovery process, a modification of the Rorschach test has been 
devised. This modified test makes it possible to obtain a Rorschach psychogram 
of personality reactions as early as five minutes after a convulsion. In this 
modified test the patient is subjected to cards I, II and III as soon as he is 
able to respond, and then is presented with these same cards in the same order 
throughout the following hour. On the next day of treatment the same procedure 
is followed with cards IV, V and VI. On the following treatment day cards VII, 
VIII IX and X are presented in the same fashion. In this way responses to all 
cards are assembled into composite Rorschach records for each five minute period 
after the convulsion. During the immediate postconvulsive half-hour, when the 



ABSTRACTS FROM CURRENT LITERATURE 


291 


responses generally show the greatest change, the maximal number of "cross 

sectional” profiles can be obtained. . , , , . 

In studying Rorschach reactions after subconvulsive electric shock and m a 
few cases of major convulsions, cards III, V and X were used card III for its 
frequent evocation of movement responses, card V for its popular form frequency 
and its compact unitary form and card X for its color and detail. A similar 
study is being made with Klopfer’s technic of "testing the limits” as an additional 
means of obtaining a description of postconvulsive reactions. 

Marcovitz, Philadelphia. 

A Survey of the Results of Iktelligence Tests in Psychosis. M. B. Brody, 

Brit. J. M. Psychol. 19:215, 1942. 

Brody reviews in detail reports of results of mental tests in cases of the 
psychoses, with almost exclusive emphasis on intelligence tests and those of cog- 
nitive functions. To aid in the evaluation of these results, he first summarized the 
recent observations on tlie normal changes in mental ability after early maturity. 
Ability -in vocabulary tests and closely related tests, such as defining abstract 
words, remains stationary or increases in later life. Decline is apparent in the 
responses to most other tests, particularly after the fifth decade. 

In cases of psychoses mental tests show that vocabulary ability is best main- 
tained, verbal ability next, while nonverbal test ability is severely impaired. The 
vocabulary rating can be a measure of the patient’s initial ability. It is important, 
since like patterns can result from different causes, to interpret each test record 
separately and individually, carefully evaluating the extent of the failure against 
the normal failure for that age and analyzing the degree of cooperation which 
may be interfered with by invalidating disorders of mood or stream of mental 
activity. 

Brody believes a genuine decline in ability or dementia occurs with organic 
psychoses. The same pattern of failure in biogenic psychoses is more often due, 
however, to “pseudodementia,” i. e., to disorders of mood, etc.; the mental level is 
quantitatively intact, while its function is interfered with. 

The qualitative aspects of mental test performance are described in some detail. 
Some of the observations include inertia of functioning, weakness in the direc- 
tional control of thought, impairment of “planfulness” and, in schizophrenia, a 
childlike associative type of thought, with the special qualities of asyndesis, meto- 
nymic distortion and interpenetration. 

He describes the use of mental tests by some workers for prognosticating the 
value of shock therapy or for testing its results. ^^len, Philadelphia. 

Hyperthyrotic Catatonia : A Schizophrenic Symptom- Complex. R. E. 

Hemphill, J. Ment. Sc. 88:1, 1942. 

Hemphill studied the distribution of goiter among 4,750 patients with mental 
disease.^ No patient with early schizophrenia had a nontoxic goiter. Hyper- 
thyroidism was found to be rare in schizophrenic persons, but when it occurred 
it was always associated with a particular form of reaction, characterized by 

a period of varying schizophrenic symptoms with auditory hallucinations, an 
acute episode^ when visual hallucinations appear, with distortion of the body-image, 
inability to differentiate clearly parts of the body and other evidences of instability 
of the boundaries of the ego. This phase is succeeded by catatonic stupor. In 
severe cases the end result is dementia, in others towards recovery with repetition 
of the cycle.” 

H^phill compares this "hyperthyrotic catatonia” to the periodic catatonia 
described by Gjeping and concludes that there are types of schizophrenia which 
appear to be derived from special endocrine disorders. Systematic determination 

of every assayable hormone early in these illnesses may provide a clue to their 
cause. ^ 

Drayer. Philadelphia. 
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The Prognostic Factors of Adolescent Psychoses. A. Barham C^^rter, 
J. Ment. Sc. 88:31, 1942. 

Carter studied 78 cases of adolescent psychosis. Favorable factors seemed to 
be some soundness of stock, often associated with a pyknosomatic physique; a 
helpful environment; severe, acute psychotic episodes, and preservation during 
the psychosis of “normal,” though possibly exaggerated, emotional reactions. On 
the other hand, an insidious onset, dissociation of emotional reaction, increasing 
withdrawal from the environment and persistence of symptoms were all indications 
of a poor prognosis. Particularly unfavorable symptoms were (jhronic catatonia, 
stereotypy and grotesque behavior. Philadelphia. 

Electro-Encephalography in Cases of Mental Disorder. W. Grey Walter, 
J. Ment. Sc. 88:110, 1942. 

Walter reports the results of electroencephalographic studies on 72 patients with 
various types of mental disorder. The records of patients with epilepsy, cerebral 
atrophy, organic cerebral lesion and catatonic schizophrenia showed definite abnor- 
malities. Patients with other types of schizophrenia and the affective psychoses 
had records within normal limits. The author concludes that tlie electroencephalo- 
gram may be helpful in discriminating between organic and purely mental dis- 
orders. He suggests that the unusual features in the records of persons with a 
catatonic schizophrenia may reflect abnormalities in the electrical resistance of 
the tissues superficial to the brain. Drayer, Philadelphia. 

The Investigation of Personality in Patients Treated by Prefrontal 
Leucotomy. E. L. Hutton, J. Ment. Sc. 88:275, 1942. 

In this preliminary report, Hutton suggests that in those mental disorders 
apparently benefited by prefrontal leukotomy (melancholia, anxiety states, obses- 
sional and compulsive neuroses and schizophrenia) “the patient fails to attend to 
the real world around him, his attention being devoted almost exclusively to the 
autistic maintenance of those ideas and images out of which he creates the 
illusory world in which he lives, his actions being determined in accordance 
with his fantastic beliefs and not with the demands of reality.” After leukotomy 
such autistic thinking is interrupted, and the patient responds directly to stimuli 
from the real environment. Associative memory, based on long-established patterns 
of behavior and thinking, seems to be relatively undisturbed by the operation. 
Hence, as long as such patients do not have to initiate the thinking, and are 
responding only to the thoughts of others, they appear to be as “intelligent” as 
they were prior to their illness. Drayer, Philadelphia. 

Psychiatric Syndromes Following Blast. E. W. Anderson, J. Ment. Sc. 
88:328, 1942. 

Anderson discusses the problems involved in determining what may rightly be 
considered the effects of blast. Especially difficult to obtain are accurate accounts 
of the incident. In only 2 of the 8 cases described was it reasonably certain 
that there had been no associated head injury of the ordinary type. The fatigue 
and excitement attendant on combat situations, as well as the absence of trained 
observers in most instances, prevent accurate study of the immediate reactions to 
high explosives. Lest transitory evidences of organic damage become obscured 
and lost early reference of such patients to a competent psychiatrist is recommended. 

Forgetfulness, difficulty in concentration and general slowing down of motor 
functions were found to be characteristic of this series. Affective lability for a 
time after the explosion was described by some patients, but apathy was a more 
common reaction. A fortnight’s rest in bed with proper sedation is regarded as 
the best treatment. 
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The author proposes that in legal action, because of the present incompleteness 
of knowledge, an amnesic patient who has been exposed to a blast should be 
given the benefit of whatever doubt may exist as to an organic basis for his defect. 

Drayer, Philadelphia. 


Drugs and Mental Disease. Merrill Moore, Alice F. Raymond and M. G. 

Gray, Conhnia neurol. 4:238, 1942. 

Of 115,845 admissions to the mental disease hospitals of Massachusetts during 
the period between 1917 and 1937, there were 841 cases of mental illness associated 
with the excessive use of drugs. The conditions in these cases were diagnosed 
either as “psychosis due to drugs and other exogenous toxins” or as “drug addic- 
tion without psychosis.” Thus, the admissions due to drugs and chemical agents 
represent an average of 0.7 per cent of all admissions during the period reviewed. 
In the 841 cases of mental illness associated with drugs and chemical agents, the 
order of frequency of the agent was as follows : opium derivatives, 363 cases ; 
barbiturates, 208 cases ; bromides, 101 cases ; others sedatives, 27 cases ; analgesics, 
15 cases; gases, 19 cases; metals, 18 cases. There were 54 cases of addiction to 
miscellaneous and unidentified substances, and in 36 cases the disease was not 
verified as due to drugs or chemical substances. 

The authors noted a higher incidence in the group of persons with college 
educations and those coming from the marginal economic level than among the 
general group of patients admitted to mental disease hospitals. A larger per- 
centage of these patients were native-born residents, and there were more 
naturalized persons than aliens. There was a higher percentage of unmarried 
persons in the group studied than in the general population of the state or in the 
total number of patients admitted to the Massachusetts mental disease hospitals. 
The recovery rate for patients with mental disease due to drugs is high and the 
death rate low. The immediate prognosis of mental illness- due to drugs is more 
favorable than that for other types of acute mental disorders. It is not possible 
to determine from these data whether mental disease due to drugs is increasing or 
decreasing. . DeJong, Ann Arbor, Mich. 


Cerebrospinal Fluid 

The Group of Dementia Praecox Patients with an Increase of the Pro- 
tein Content of the Cerebrospinal Fluid. Walter L. Bruetsch, Max 
A. Bahr, Joseph S. Skobba and William J. Dieter, J. Nerv. & Ment. Dis. 
95:669 (June) 1942. 

The authors studied the spinal fluid of 1,281 of patients with dementia praecox. 
Quantitative protein determinations, Pandy and Ross-Jones tests, cell counts and 
colloidal gold and Wassermann tests were performed. Among 634 newly adinitted 
patients, the protein content of the spinal fluid was above 45 mg. per hundred cubic 
centimeters in 15 (4.4 per cent) and in 8 females (2.7 per cent). Among the old 
patients there was an increased protein content of the spinal fluid in 5.9 per cent 
of the males and 3.7 per cent of the females. None of the patients had a positive 
serologic reaction. There was little variation in the protein content in those cases 
m which repunctures were made, at intervals. No clinical features were charac- 
teristic of the patients with increased spinal fluid protein. The authors speculate on 
the possible relationship of the cases with an increased protein content to cases of 
cerebral syphilis of the meningovascular type and to cases of congenital 
syphilis, since it is known that the only observable abnormality of the spinal fluid 
cases may be a slightly increased protein content of the spinal fluid, 
igmas of congenital syphilis were not found, although a recapitulation of 
anamnestic data indicated that in a few cases a history suggestive of parental 
syp 11 IS was present. One patient with a protein content of 130 mg. per hundred 
cu 1 C centimeters died four months after admission, during a period of catatonic 
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excitement. Necropsy observations were within normal limits except for a few 
meningeal areas, where a slight cellular proliferation was observed. The authors 
conclude that in most cases the abnormal changes in the spinal fluid could not be 


explained. 


Chodoff, Langley Field, Va. 


Lumbar and Cisternal Spinal Fluid: Normal Variation. Andre: Teixeira 
Lima, FuANasco Tancredi and Joao Baptista dos Reis, Arq. serv. assist, 
psicopat. do Estado de Sao Paulo 5:391 (Sept.-Dee.) 1940. 

Specimens of spinal and of cisternal fluid were removed from 71 patients in a 
mental disease hospital, none of whom had positive neurologic signs. Twelve 
cubic centimeters were removed by the cisternal and lumbar routes. The total 
protein content of the cisternal fluid varied from 0.10 to 0,26 Gm. per hundred 
cubic centimeters and that of the lumbar fluid from 0.12 to 0.44 Gm. The lumbar 
fluid contained more protein than the cisternal fluid in 54 cases; the amounts were 
equal in 7 cases, and the cisternal fluid contained more in 8 cases. The authors 
consider the normal number of cells in the fluid to be 0 to 3 cells per cubic 
millimeter. There is a tendency for more cells to be present in the lumbar fluid. 
The ratio between the amount of protein in the lumbar and that in the cisternal 
fluid was 1 or more, but never over 3. Savitsky New York. 


Creatinine Content of Cerebrospinal Fluid. Joao Baptista dos Reis, Hans 
Schmidt and Alan Lara Williams, Arq. Serv. assist, psicopat. estad. Sao 
Paulo 6:243 (Sept.-Dee.) 1941. 

The authors used the Pulfrich (photometric) modification of the Folin method 
in studying the creatinine content of the spinal fluid. It was found that the 
presence of protein did not in any way affect the determination of creatinine. 
The amount of creatinine in the cisternal fluid of 100 patients in a mental disease 
hospital who had no organic disease varied from 0.87 to 1.48 mg. per hundred 
cubic centimeters. In most cases (32) 1.06 to 1.14 mg. was noted. In 50 cases 
simultaneous determinations of creatinine were made on the blood and on the 
spinal fluid. The ratio of creatinine in the spinal fluid to that in the blood was 
always less than 1. The values for the spinal fluid varied from 47 to 96 per cent 
of the creatinine in the blood and in most cases from 70 to 80 per cent. In 10 
cases simultaneous lumbar and occipital punctures were made, and the amounts 
of creatinine in the two types of fluid were compared. The creatinine content of 
the lumbar spinal fluid in 9 cases was less than that of the cisternal fluid. In 1 
case the level of creatinine in the cisternal and that in the lumbar fluid were 
the same. Savitsky, New York. 


Muscular System 

Potassium and Muscular Disorders. J. N. Cumings, J. Neurol. & Psychiat. 

4:226 (July-Oct.) 1941. 

Cumings found no abnormality in the potassium content of muscles or any 
therapeutic effect of prostigmine in the majority of muscle diseases and in con- 
ditions in which fat or fibrous tissue replacement of muscle occurs. However, in 
a patient with a parathyroid tumor there seemed to be an association between the 
muscular weakness and the low potassium level in the muscles. Two patients 
with severe myasthenia gravis, who were receiving a diet resulting in a positive 
potassium balance, were studied. As in previous experiments, injections of pros- 
tigmine methylsulfate liberated potassium from muscles, resulting in an increase 
of potassium in the serum. In addition, the author found that red blood cells also 
showed an increase in potassium content. Therefore, the increase in the total 
potassium content of the blood accounted better for the liberated muscle potassium 
than the serum alone. There was no increase of potassium in the urine after 
injection of prostigmine. Division of motor nerves to muscles in patients, as well 
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as in experiments with animals, did not aflFect the potassium content of the muscles. 
Cumings concludes that an abnormality in potassium content of muscles is piimarily 
associated with myasthenia, although it may not actually cause the disease. The 
author was unable to produce muscular disorders in rabbits with substances 
extracted from the roots of American and Chinese varieties of yellow jasmine. 

Malamud, Ann Arbor, Mich. 

The Effect of Prostigmin on the Urinary Excretion of Potassiui^i in the 
Normal Subject. J. N. Cumings, J. Neurol. & Psychiat. 4:235 (July-Oct.) 
1941. 

In cases of myasthenia gravis, injections of prostigmine methylsulfatc liberate 
potassium from the muscles into the blood, but the urine shows no increase in the 
amount of potassium. Studies on 3 normal subjects showed that injection of pros- 
tigmine had no effect on the excretion of potassium in the urine. This offers 
further proof 'that prostigmine is not the direct cause of the retention of potassium 
in patients with myasthenia. Malamud, Ann Arbor, Mich. 

The Frequency, Etiology and Prognosis of Eye Muscle Palsies. E. Kessler, 
Confinia neurol. 4:159, 1942. 

Kessler has prepared a statistical study of the frequency, etiology and prognosis 
of palsies of the ocular muscles, basing her conclusions on 233 cases. Paralysis of 
the internal branch of the oculomotor nerve and of the levator palpebrae superioris 
and paralysis of associated movements were excluded. The abducens nerve was 
most frequently involved, followed by the external branches of the oculomotor 
nerve and then by the trochlear nerve. Ocular palsies were observed twice* as 
frequently in men as in women. Etiologic factors were listed in the following 
order; fracture of the skull, apoplexy, congenital paralysis, trauma to the orbit, 
multiple sclerosis, brain tumor and syphilis. Ocular palsies were observed most 
frequently from tlie tliird to the sixth decade. The prognosis of ocular palsies 
following fracture of the skull or apoplexy is relatively good; more than half of 
all the patients recovered or showed improvement. DeJong, Ann Arbor, Mich. 

Congenital Anomalies 

Combination of Friedreich’s Ataxia and Charcot-Marie-Tooth Atrophy in 
Each of Two Brothers. Alexander T. Ross, J. Nerv. & Ment. Dis. 95:680 
(June) 1942. 

Ross points out the rather close relationship existing in certain cases between 
Friedreich’s ataxia and peroneal muscular atrophy of the Charcot-Marie-Tooth 
type. ^ Cases partaking of the characteristics of both these syndromes have been 
described by many investigators. Ross reports the cases of 2 brothers presenting 
a combination of these two conditions. A sister had undoubted Friedreich’s ataxia, 
and a maternal cousin ivas a high grade moron with signs of mild involvement of 
the pyramidal tract and “Friedreich feet.” One of the brothers reported was a 
moron with slurred speech, bilateral weakness of the external rectus muscles, 
nystagmus, bilateral cerebellar signs, weakness and pronounced atrophy of the 
peripheral musculature of the Extremities, absence of deep reflexes and diminution 
to loss of all modalities of sensation in a glove and stocking distribution. Exam- 
ination of the other brother gave similar results, ' with a more pronounced degree 
of mental defect. 

1 J observations on this family lend support to the belief that the neurologic 
leredodegenerative diseases represent abiotrophies of certain parts of the nervous 
system, which in individual cases may manifest themselves in isolated, abortive or 
izarre combinations.^ The relation of these cases to the syndrome of Roussy and 
evy and to the familial spastic paraplegias is discussed. 

Chodoff, Langley Field, Va. 
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The Electroencephalogram in Epilepsy. Dr. Francis A. Echlin. 

The present work is based on an electroencephalographic and clinical study of 
100 cases of epilepsy. 

The merits of the Gibbs-Lennox (Arch. Neurol. & Psychiat. 39:298 [Feb.] 
1938) and the Jasper-Kershman electroencephalographic classification of the epi- 
lepsies are discussed. 

The work to be presented is based on the Jasper-Kershman classification 
(Arch. Neurol. & Psychiat. 45:903 [June] 1941), which was found to be the 
most satisfactory for the routine study of epileptic patients, especially since most 
patients must be studied between seizures. 

Technic . — A four channel, ink-writing electroencephalograph apparatus, built 
by Rahm, was used throughout the study. Electrode placements were the same as 
those described by Jasper, Kershman and Elvidge (Arch. Neurol. & Psychiat. 
44:328 [Aug.] 1940). One hundred and ninety electroencephalograms taken from 
the 100 patients were studied. The work was done in the neurologic and neuro- 
surgical service of Lenox Hill Hospital. 

Summary of Results. — The characteristic feature of the records was the 
recurrent or paroxysmal appearance of high voltage waves, a phenomenon which 
Jasper and Kershman called paroxysmal hypersynchrony (exemplified in the first 
two groups to be described later). Most of these discharges occurred at frequencies 
which may be regarded as abnormal, and therefore, in addition to hypersynchrony, 
there was usually dysrhythmia, as described by Gibbs, Gibbs and Lennox (Brain 
60:377, 1937). 

In attempting to classify the records, I, like Jasper and Kershman, found that 
this could best be done on the basis of localization studies, and cases were grouped 
according to the site of the abnormal discharges in the brain. The different wave 
forms and patterns were of considerable help in the analysis of individual cases, 
but were of secondary importance, especially in cases in which a focal abnormality 
was present. 

Analysis of the electroencephalographic records without reference to other data 
revealed that they could be divided, according to the Jasper-Kershman classifica- 
tion, with a considerable degree of accuracy into four groups. 

Localized unilateral cortical abnormality (30 cases). The wave forms and 
patterns encountered were : random spikes, 2 cases ; random sharp waves, 24 
cases; random delta waves, 4 cases, and paroxysmal rhythmic discharges, 5 cases, 
the last being also included under sharp wave forms. It should be noted that 
these so-called localized discharges may at times cover a large area of one 
hemisphere. 

Bilaterally synchronous abnormality from homologous areas in the two hemi- 
spheres (35 cases). The wave forms and patterns present were: 3 per second 
wave and spike patterns, 7 cases ; sharp waves, 14 cases ; 3 per second waves, 13 
cases, and 6 per second waves, 5 cases, 4 of which were placed in the sharp wave 
group as well; 
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We agree that the 3 per second wave and spike pattern and the 3 per second 
wave form seem to originate from a deep midline pacemaker. The sharp wave dis- 
charges appear at times to arise deep in one temporal lobe and to be transmitted 
as a “mirror” focus to the opposite hemisphere. 

Diffuse, nonlocalized abnormality (IS cases). This type of abnormality was 
characterized by disorganization of the alpha rhythm, variation in amplitude and 
frequency of the cortical rhythms, but without hypersynchrony (as in the first 
two groups), and scattered delta activity of low amplitude. These observations 
differ from those of Jasper and Kershman. 

Normal electroencephalograms (20 cases). It was at times difficult to distin- 
guish between a record showing a slight diffuse abnormality and a normal 
electroencephalogram. 

Illustrations of the various types of abnormality are shown. A combined 
analysis of the clinical data and the electroencephalograms is now presented. 

Localized unilateral cortical abnormality (30 cases). In 70 per cent of the 
cases in which this type of electroencephalogram occurred there was a clinical 
history of focal epilepsy; that is, the pattern of the attacks suggested a focal 
cortical origin similar to that indicated in the electroencephogram. In 53 per cent 
of these cases the presence of a pathologic lesion was proved by air studies, 
operation or postmortem examination of the region of the cortex indicated in 
the electroencephalogram. An analysis of the different types of clinical seizures 
and their relation to wave forms and patterns is presented. Attacks of the petit 
mal variant and the psychomotor type were not uncommon. 

Bilaterally synchronous abnormality (35 cases). In 92 per cent of these cases 
generalized grand mal seizures were present without any clinical pattern to sug- 
gest an origin in a focal area of the cortex. The initial symptom was usually 
loss of consciousness, which was in keeping with an origin in a deep midline 
area or sudden involvement of the greater portion of the cortex of both hemi- 
spheres. In 35 per cent of the cases petit mal attacks and in 38 per cent seizures 
of the petit mal variant or the psychomotor type occurred. The relation of 
the clinical attacks to the wave forms and patterns is discussed. Seizures of the 
petit mal variant and the psychomotor type were most common in those cases 
in which bilaterally synchronous sharp waves arose from the temporal lobes. In 
cases of a 3 per second wave and spike or a 3 per second wave pattern (20 cases) 
the average age at onset of seizures was 12 years, and the average age at the 
time of examination was 18 years.- 

Slight diffuse abnormality or normal electroencephalograms (35 cases). In 
92 per cent of cases grand mal seizures without clinical localizing features were 
present. In 17 per cent there were petit mal attacks. In 20 per cent attacks of 
petit mal variant or psychomotor type occurred. In 14 per cent the clinical his- 
tory suggested focal cortical onset. The site of origin of the seizures in these 
cases was hard to determine because of the relative inactivity of the abnormal 
focus. The average age at onset of the attacks in this group was 26 years and 
the average age at the time of study was 37 years. The fact that the epileptic 
focus in these cases was relatively inactive electrically may be related to the age 
of the patients, for GoUa, Graham and Walter (/. Ment. Sc. 83:137, 1937), in a 
study of 214 epileptic patients, found few abnormal electroencephalograms in 
persons over 40 years of age. 

^ A classification of the electroencephalograms based on the pattern of the 
clinical seizure is also shown. 

In summary, it may be stated that the pattern of clinical seizure shows a close 
relation to the form of the electroencephalogram, especially with regard to locali- 
zation. The observations of Jasper and Kershman have been largely corroborated. 

DISCUSSION 

Dr. Paul Hoefer : I should like to say a few words about the clinical use- 
fulness of the records of brain waves. My associates and I still use the Gibbs 
and Lennox classification, which, even if it may turn out to be only a working 



298 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


hypothesis, has helped us a great deal, just because it is an attempt to correlate 
the clinical and the electrical features. It is still possible for me, at least, to use 
this correlation, with slight modifications. 

It is significant that during clinical seizures we obtain the specific electro- 
encephalographic patterns, except perhaps in grand mal attacks, when we see 
spike and wave groups in addition to the high voltage, rapid activity. 

Between petit mal seizures, or perhaps I should say in the absence of clinically 
noticeable petit mal seizures, we find the synchronous 3 per second spike and 
wave pattern in about 85 per cent of our cases. 

Between grand mal seizures, however, and during psj'chomotor seizures we 
obtain the specific seizure pattern in only 55 to 60 per cent of our cases, and in 
an additional 20 per cent of the cases we find patterns attributed to another form 
of seizures, such as the grand mal pattern in cases of psychomotor epilepsy and 
vice versa. In another, smaller group of cases of grand mal seizures we find only 
a spike and wave pattern, as does Dr. Echlin. 

There are several possible explanations for this; it may be that in these cases 
there are actually brief clinical or subclinical attacks of both forms of the disease, 
though only the more dramatic of the two is detected clinicallJ^ It is also possible 
that the brain wave patterns are not as specific as was thought at one time. 

As to the focal origin of the generalized seizures, we have not had the 
experience of the Montreal group. We have found these foci shifting, and I loiow 
of cases in which after operation a focus has appeared in another part of the 
brain. Only in clinically strictly focal motor seizures have we found a good 
correlation with the brain wave record. 

However, only now are the meaning of the brain waves and their relation to 
action potentials of brain cells and fiber tracts beginning to be understood. Electro- 
encephalographj’-, I believe, is the method by which the problem should be studied, 
and clinical interest, no matter to what school of thought one belongs, is the best 
stimulus to continuation of this work. 


Dr. Margaret Rhewbeeger (bj' invitation) : Perhaps the reason for my 
preference for Dr. Echlin’s point of view lies in the fact that I have found the 
general clinician to be imbued with the idea that electroencephalography can tell 
him whether a patient has “epilepsy,” by which he means what I should call 
functional epilepsy. I try to impress on any clinician with whom I come into 
contact the preferability of his avoiding the use of the clinical term with reference 
to the electrical patterns which are obtained. Dr. Echlin’s figures, based on a 
study of 100 patients who had epilepsy, showed 20 per cent with normal electro- 
encephalograms. I tlu'nk my co-workers and I have about the same percentage 
in our records, which comprise tracings for approximately 350 epileptic patients 
out of a much larger group of persons with other disorders as well. About 30 per 
cent of all the patients who had clinical epileptic attacks and who came to our 
laboratory for investigation had tumor. 

I should like to emphasize the point that although paroxysmal hypers 3 'nchrony 
is characteristic of the majority of cases of epilepsj', as Dr. Echlin has pointed 
out, and as I am sure Dr. Hoefer will agree, there are instances jn which the 
clinical focus of an epileptic attack is represented electrically not by hyper- 
synchony but by depression of amplitude, a loss or slight slowing of the normal 
rhythm. Such changes have not, so far, been considered in discussions on 
electrical patterns associated with epilepsy, and yet they cannot be ignored as 
indications of localized disturbance. 

A case which is of interest from the point of view of localization not only of 
epileptic patterns but of cerebral abnormalities in general is that of a wornan who 
came to the hospital with which I am associated with a high grade of papilledema 
and with no clinical neurologic localizing signs. Her electroenceplialographic 
pattern was confusing in that from the right frontal area there was a slow wave, 
more or less paroxysmal discharge, not of high amplitude, while the left parietal 
region showed slowing of the rhythm which did not_ appear to be correlated with 
the paroxysmal discharge recorded ircm the ircntai area. On the basis of the 
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electric pattern we felt we were incapable of making a decision as to which of 
these two changes was of greater importance. Just prior to the taking of the 
electrical record the patient had her first and only seizure, vyhich myolyed only 
the left side of the body, and it was therefore assumed that the electrical change 
from the right frontal area was correlated with the damage which had produced 
the seizure. Because of this observation and the fact that whatever other clinical 
evidence there was pointed to the same area of localization, it was decided that 
she had a tumor of the right frontal region. She did not. The tumor was in the 
left parietal lobe, and the reason for the seizure, which was left sided, and the 
electrical discharge from the right frontal region was a recent hemorrhage in 
that area. The tumor was a meningioma, and if we had known a httle more than 
we did we might have saved the patient’s life. 


Psychopathologic Review of Senile and Arteriosclerotic Disorders. Dk. 
Oskar Diethelm (by invitation). 

It is generally accepted that memory disorders and senile personality changes, 
decline of judgment, disorders of comprehension and attention, disorientation and 
apathy form the psychopathologic reaction in senile and arteriosclerotic psychoses. 
With the aid of a group of psychologic tests, patients with such disorders were 
studied. An especially planned maze test permitted the study of orientation to 
a task and of memory. Persons with senile disturbances showed difficulty in 
orientation to a task and in learning, diminished retention and recall, shortened 
span of active attention, tendency to perseveration and use of grooves of thinking. 

Anxiety shortens the' span of active attention and diminishes retention and 
relearning. The presence of anxiety in senile or arteriosclerotic patients increases 
disorders of retention and attention and difficulty in understanding a task. Think- 
ing disorders become especially pronounced through the presence of depressive 
thinking and may lead to a confusional disorder. • 

Minor physical ailments, found especially with arteriosclerosis (kidney and 
cardiovascular disease), minor infections, dietary disorders and avitaminosis, may 
also cause disturbances of thinking and memory, which in the past have been 
explained by cortical damage. The outlook in many cases of so-called deteriora- 
tion may be favorable if physical treatment can eliminate these complications and 
psychotherapy can alleviate anxiety. 


DISCUSSION 

Dr.. Lawrence S. Kubie; There is great difficulty in isolating the machine 
factor in intellectual performance from the emotional element. This is evidenced 
in the difficulty of testing the thinking capacity apart from the influence of the 
emotional background. All have encountered this problem in examining old people 
and have found it extremely hard to decide whether a reduction in the output of 
the thinking machine was due to a defect in the machine itself or to the accom- 
panying depression or anxiety or to a combination of the two. Dr. Diethelm 
condensed his presentation so much that it was not clear to me how the maze test 
makes it possible to differentiate between the play of 'emotional factors and a 
reduction in the intrinsic efficiency of the machine itself. I wonder whether 
electi oencephalography, when correlated with these studies, throws any light on 
this problem. I recall the theory that used to be advanced to differentiate between 
the ai teriosclerotic and the senile disorders .and the emphasis that Hoch laid on 
what he called a "mental tension” defect. By this he meant not an isolated mental 
function but a complex product of intellectual and emotional activities. He felt 
that m the arteriosclerotic patient this loss in “mental tension” was primary and 
that such a patient was aware of his difficulty and suffered acutely because of it. 
I should be interested to know whether Dr. Diethelm’s studies have borne this out. 

Dr. Oskar Diethelm: Dr. Kubie embarrassed me slightly when he asked 
about the maze^ test ; because of the limited time for the presentation I merely 
mentioned that it was an essential test, but there are many others. 
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In cases in which my associates and I took electroencephalograms we were 
never able to see any clear correlation with the results of these tests. 

I do not know enough about Hoch’s concept of “mental tension” to discuss it. 
I never saw it mentioned in the literature, but from Dr. Kubie’s description I 
think it corresponds to what one finds in some senile patients. Mental tension is 
hard to define, and I have never felt that Bleuler was able to define it well, either. 

Cachexia o£ Mental Origin: Nature and Management, Dr. John L. 

Smalldon (by invitation). 

This paper constitutes a summary of a study of 6 girls at the New York 
Hospital, Westchester Division, whose illnesses were initiated by self starvation 
and the consequent development of a cachectic state. Significant similarities 
characterize the 6 cases. The psychopathology is stressed. Each case presents 
the well known history and physical signs of anorexia nervosa, but all have been 
considered by a number of examiners, who have observed the patients daily for 
months or years, to be cases of dementia praeco.x rather than of compulsive- 
obsessive neurosis. It is speculated that in some cases of compulsive-obsessive 
neurosis characterized by anorexia nervosa the condition will on later observation 
be found to have progressed beyond the realms of a psychoneurosis into a psy- 
chosis. For this reason, in addition to the fact that the term anorexia is inaccurate 
in describing this voluntary self starvation, it is suggested that the condition be 
labeled “cachexia of mental origin,” rather than anorexia nervosa. 

DISCUSSION ' ’ 

Dr. Leland E. Hinsie : The following mental factors are common to all 
patients: mentally induced emaciation; fear of enlargement through eating; fear 
of effeminacy; absence of overt sexuality; fixation at an oral and anal level, with 
predominance of anal trends, evidenced by excessive cleanliness or the opposite 
(smearing of feces), orderliness, stubbornness, hoarding and guilt over eating (oral 
impregnation; sexual excitation caused by intake of food); reversal of sexual role 
in parents, and energy prevented from entering the sexual zone and kept at anal 
and oral levels. The psychopathologic state was essentially preoedipean. 

The physical factors common to all patients were female sex, early maturity, 
astlienic habitus ; inadequate development of sex organs ; masculine distribution of 
hair, and pronounced disturbances in the vegetative nervous system. 

Diagnosis. — ^Authorities differ on nosologic classifications. Evidence favors the 
diagnosis of a form of psychoneurosis. Personally, I believe a reaction of this 
type is best understood as a compulsive-obsessive psychoneurosis, the psycho- 
pathologic basis of which is fixation of energy on oral and anal factors. I believe, 
also, that somatopathologic factors play an equally important role. Insight into 
the illness (not the nature of it) is fully retained. The projection mechanism is 
usually absent, and, when present, it constitutes but a small part of the total 
difficulty. The patients are introverted in that their attention is riveted on their 
physique, but they appear not to be schizoid, for they are not averse to socializa- 
tion. A psychoneurotic person, asocialized because of phobias or anxieties, is not 
said to be schizoid. A depressed patient (of the manic-depressive type) is not 
said to be schizoid, though object cathexis is scanty. 

The physique may be called on, so to speak, to bear the brunt of any kind of 
mental conflict. For example, the patient with schizophrenia of the hebephrenic 
or catatonic form may, and often does, put all of his primitive mentality in terms 
of physical functions. The language of such schizophrenic patients is a body 
language that speaks from the phylogenic level. The neurasthenic patient speaks 
from the ontogenic level, particularly from the levels of orality and anality. 
Mental cachexia, I believe, is closely allied to neurasthenia, which is, in turn, 
closely related to the compulsive-obsessive syndrome. Patients with conversion 
hysteria likewise, use their physique to express a mental conflict. In these 
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instances the conflict issues from the genital level. I believe it would better fit 
current concepts to enter anorexia nervosa as a subdivision of the psychoneuroses. 

Thus far there is no specific form of therapy known to influence this condition 
favorably. 

Dr. a. a. Brill : In listening to Dr. Smalldon, and particularly to Dr. Hinsie, 
who emphasized that these patients direct all their energy to the oral and anal 
openings, it occurred to me that instead of calling the condition “mental cachexia,” 
which in my opinion is not a description, it would be best to designate it as 
“gastruloid regression.” I refer to Haeckel’s theory of the gastraea, which con- 
sists of the outer layer, from which the skin and the nervous system develop, and 
the inner layer, which forms the alimentary canal and the other organs. According 
to Haeckel, all metazoa start as gastrulae, i. e., as beings resembling a plum with 
an upper and a lower gateway. As the patients described by Dr. Smalldon and 
others center everj'^thing on the mouth and the anus, we maj’’ look on them as 
phjdetic reversions to the gastrula. 

Dr. Irvixg H. Pardee; I became interested in this syndrome because it 
simulates Simmonds’ disease, the syndrome of pituitary cachexia. I have worked 
with a large number of patients with this disorder, about 20 altogether, and I 
should like to aline myself with Dr. Hinsie and consider the disease as a psycho- 
neurosis. I have not seen any patients with the advanced form, such as Dr. 
Smalldon described, klost of the patients I have seen have been ambulatory, 
usually either living at home or able to go to a general hospital or the Neurological 
Institute for treatment. It may be that some of them are schizophrenic, but those 
I have seen were not. 

I should like to bring out two points from the physical side. First, I do not 
think the amenorrhea belongs in the field of psychopatholog>L I believe it is the 
result of starvation and hormone deficiency. A friend who lives in Puerto Rico 
told me that when they have a period of starvation down there amenorrhea is 
common among women. Therefore I am not willing to subscribe to the theory 
that this disturbance is due to fantasies or any such psychologic factor. 

Dr. Hinsie brought up the other point, that of hair growth. It is reported that 
in the Irish potato famine of 1858 the women were noted to grow hair on the 
face and body as part of the starvation situation. There is no evidence of 
deficiency of the pituitary, thyroid, gonads or adrenals. Excessive hair growth is 
usually the result of a hyperplastic disturbance of the pituitary or the adrenal 
glands. In this syndrome there is a deficiency of these glands, rather than other- 
wise, and it is a functional deficiency, secondary to starvation. No actual atrophy 
is present in these glands. One patient had her appendix removed in the course 
of her illness, and I prevailed on the surgeon to take out a portion of the ovary 
for examination. The tissue was normal, with normal follicles, and though she 
had amenorrhea, all the setup for good ovarian function was present. 

I look with fear on the use of insulin in treatment of these patients. I know 
Dr. Smalldon used it with a number. The patients we studied carefully have all 
shown uniforrnly low blood sugar curves, and I should be afraid to give a good- 
sized dose of insulin for fear of bringing about too serious shock. 

I wish to support what Dr. Hinsie said about the pattern these patients 
present. It is a uniform physical pattern. Photographs of the patients all look 
alike, and the same is. true basically of their symptoms. Chief attention is given 
to the gastrointestinal tract. They will not eat because “it stops right here, 
doctor pllustrating] , and it won’t go any further,” or “when I eat I feel so 
bloated, and so on, with the usual story of a gastric neurosis. The fundamental 
11 ^ attachment to one or the other of the parents, which Dr. 

bmalldon mentioned, the unwillingness of the young person to grow up and be an 
adult. ^ Closely linked is the adolescent, and almost infantile, attitude which the 
majority present toward sexual matters. 

Dr. Henry Also? Riley: I have read numerous articles, that of Dr. Pardee 
and others, and have seen a number of these patients, but I have never encountered 
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the condition in a male. So far as I know, I have never seen any reported cases 
of the syndrome in a male. Can you throw any light on that, Dr, Smalldon? 

Dr. Frank J. Curran : I should like to know the racial background of these 
patients. . I have seen 5 or 10 such patients in Bellevue Hospital, all adolescent 
girls, and it is my impression that they were all Jewish. I am wondering whether 
Dr. Smalldon’s patients were Jewish, in view of the fact that the percentage of 
Jewish patients in Bellevue Hospital is usually not large. 

I take exception to the speaker’s using the term “mental cachexia.” When I 
read the program I thought he might be going to talk about mental deficiency. 
There is a recognized name for this condition, and I think it should be used. 

Dr. John L. Smalldon ; To answer Dr. Curran first, all of these 6 patients 
were of Anglo-Saxon stock; I have seen no patients with this condition among 
Jews. 

In answer to Dr. Riley, several cases of the disease in males have been reported 
in the literature. Each author has referred to the fact that such cases are 
uncommon, and I myself have seen no males with this disease. 

The question of diagnosis, or the differentiation of the reactions of compulsive- 
obsessive neurosis and dementia praecox is one that could be argued all night. It 
is sufficient to state that each of the patients here reported on has been observed 
daily for months or years by a number of examiners, who have unanimously 
agreed that each patient is suffering from a psychosis, a schizophrenic reaction. 


PHILADELPHIA PSYCHIATRIC SOCIETY 

Arthur P. Noyes, M.D., President, in the Chair 
Regular Meeting, May 8, 1942 

Subconvulsive Electric Shock Therapy: Effect of Varied Electrode Appli- 
cations. Dr. Solomon Lesse (by invitation). Dr. B. H. Gottesfeld (by 
invitation) and Dr. H. H. Herskovitz, Norristown, Pa. 

In this study we attempted to evaluate subconvulsive electric shock as an agent 
in the treatment of the psychoses. At the same time we wished to compare the 
results of different electrode applications in the administration of electric shock 
therapy. Twenty-four patients were treated three times a week, each patient first 
receiving six to ten subconvulsive treatments and then ten convulsive treatments. 
Each subconvulsive treatment consisted of five applications given over a period 
of three minutes. Six patients received bifrontal applications of the electrodes, 
8 patients bitemporal applications and 10 patients biparietal applications. Routine 
preshock studies and a postshock check-up examination, including roentgenograms 
of the spine, were made. 

The biparietal applications required a current of the lowest voltage acting over 
the briefest period to produce a grand mal convulsion. The bitemporal and the 
bifrontal leads required, respectively, increased voltage and exposure for a longer 
time to produce the same effect. The subconvulsive reactions were produced by 
a current of minimal voltage acting over the briefest period, the average being 
.30 volts applied for three-tenths second. 

No complications were encountered with subconvulsive therapy in our series 
of 24 patients, which confirms the belief that complications are materially reduced 
with this type of shock therapy. However, in larger series of patients complica- 
tions may be demonstrated. 

In order that the confusion of multiple terms, such as abortive reactions and 
convulsive equivalents be avoided, it is suggested that the _ all-inclusive term sub- 
convulsive reaction be applied to those responses characterized by a single severe 
muscular contraction associated with the prolonged period of unconsciousness 



SOCIETY TRANSACTIONS 


'303 


(thirty seconds to fifteen minutes) and the petit mal reactions. With subconvul- 
sive therapy, one may obtain primarily a series of petit mal reactions. However, 
as the voltage and the time intervals are increased the subconvulsive phenomena 
become more pronounced. 

It seems apparent from our study that subconvulsive therapy does not produce 
any notable therapeutic effect. Fifty per cent of the patients had affective disorders 
(5* had manic-depressive psychoses; 3, agitated depressions, and 4, involutional 
melancholia, and none of these persons improved or recovered with subconvul- 
sive shock doses, whereas 7 patients, or 29 per cent of the series, improved or 
recovered with convulsive therapy. There were 12 patients with schizophrenia 
— 9 with the catatonic type, 2 with the simple type and 1 with the paranoid type. 
None of these benefited from subconvulsive treatment, while 2, or 8.3 per cent, 
improved with convulsive therapy (both patients relapsed soon after treatment was 
terminated). These results are in contrast to those reported recently by Androp 
(Psychiatric Quart. 15:730-749 [Oct.] 1941). 

Our studies further reveal that subconvulsive therapy increases the fear and 
apprehension patients have for electric shock treatment. Fifteen of the patients 
showed a definite fear reaction after the applications. Furthermore, an attempt 
to maintain with subconvulsive applications the improvement shown with con- 
vulsive doses failed. 

Although one may trj' subconvulsive doses in treatment of patients with 
associated hypertension, advanced age, cardiovascular-renal disease or general 
arteriosclerosis, the results are indeed dubious. Patients may show temporary 
improvement in ward reactions, but even this is uncertain. 

In conclusion, subconvulsive electric shock therapy is of doubtful value. None 
of the 24 patients in this series treated at the Norristown State Hospital improved 
or recovered with subconvulsive electric shock therapy, whereas 37 per cent 
improved or recovered under convulsive therapy. 


DISCUSSION 


Dr. Joseph F. Hughes : Dr. Lesse and his associates have brought important 
clinical facts to our attention. To obtain clinical results with electric shock 
therapy, sufficient strength of current must be used to produce convulsive seizures. 
Experience at the Pennsylvania Hospital for nervous and mental diseases is in 
agreement with that of Dr. Lesse in that subconvulsive doses are therapeutically 
ineffective. 

This paper raises an important question: How does electric shock treatment 
stop the psychotic attack? Electroencephalographic tracings following such treat- 
ment show that the brain undergoes' decided electrical reorganization. Histologic 
studies on experimental animals and on the brains of 2 patients (Alpers, B. J., 
and Hughes, J.: Changes in the Brain After Electrically Induced Convulsions 
in Cats, Arch. Neurol. & Psychiat. 47:385-398 [March] 1942) revealed that 
small petechial hemorrhages and cellular destruction occur in the brain after 
electric shock therapy. ^ This observation suggests that clinical recover}’’ results 
from the destructive activity of the electrical current. Such a hypothesis assumes 
that psychologic reactions following electric shock therapy are incidental to 
recoveiy. This hypothesis, for which I take I'csponsibility, has some experimental 
observations to support it. It is useful only if it serves as a framework for further 
clinical and laboratory research into the problem of how electrical shock produces 
recovery from the psychosis. It is a step in the direction of correlating the 
clinical results with the observed changes in the brain. 


• Norristown, Pa. : A series of 27 patients treated 

similaily has been reported on by Kalinowsky (Nezu York State J. Med. 41:2210- 
2215 [Aov. 15] 1941). Although his results -were not identical with the observa- 
tions in our series, the general trend was practically the same, the responses of 
patients were in complete accord with those we observed. However, 5 patients 
improved with subconvulsive therapy. The early report by Kaplan indicated some 
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improvement . with subconvulsivc therapy and adjunctive barbituate therapy. The 
observations in our series did not indude the use of adjunctive chemotherapy. 

Dr. Solomon Lesse, Norristown, Pa. : One might ask why we chose to give 
five applications of the electrodes with each subconvulsivc treatment. This was 
done with the hope that in this manner we should approximate the effective dose 
given with the convulsive application and at the same time obtain results com- 
parable to those received with regular therapy. In other words, this mode of 
treatment is more or less empiric. In some instances patients had a grand mal 
seizure with the third or fourth application of the electrodes, which indicated 
a cumulative effect induced by repeated subconvulsive doses given within two or 
three minutes. Even this, however, did not alter our results. 

Use of Adrenal Cortex Extract in Cases of Insulin Shock Complicated by 
Pulmonary Edema: Review of Literature and Report of a Case. Dr. 
B. H. Gottesfei.d, Norristown, Pa. (by invitation). 

The purpose of this work is to evaluate the treatment of acute pulmonary 
edema associated with insulin shock therapy. In a review of 272 cases of schizo- 
phrenia, acute pulmonary edema occurred as a complication in 1.1 per cent of 
cases in which insulin was used. The symptoms of acute pulmonary edema, as 
outlined by Furst and Goldman, did not follow a fixed pattern in this series. The 
sequence of events showed considerable variability in the neurologic signs which 
developed. However, the early forerunner of pulmonary edema was a decided 
increase in the respiratory rate, followed by labored breathing and cyanosis. 
There was no constant correlation between the dextrose level in the blood and 
prolonged coma with or without pulmonary edema. 

REPORT OF CASE 

C. K., a 20 year old man, had acute symptoms of schizophrenia of two months’ 
duration. He suffered from auditory hallucinations of a condemnatory type and 
saw visions of God. At times he was mute and resistive. A strong depressiv<t; - 
component was associated with his hallucinations, for which electric shock 
was begun. Ten treatments resulted in some improvement in his adjuetuTent in 
the ward. 

Insulin shock therapy was begun on Nov. 11, 1941. The initial dose of 20 units 
was increased by 20 units daily. On the seventh day of treatment he received 
135 units of insulin. At 11:10 a. m. he entered a state of wet coma, and at 
11:50 a. m., without having been tube fed or given medication, he became 
extremely cyanotic. Almost immediately, bubbling rales could be heard throughout 
his chest, and frothy sputum began to escape from his mouth. His temperature 
rose to 105.8 F. The blood dextrose was 520 mg. per hundred cubic centimeters. 
The respiratory rate rose from 48 to 70 per minute, and cyanosis was extreme. 

Neurol ogically, the patient showed bilateral Babinski and Tromner signs. The 
deep tendon reflexes were uniformly exaggerated, and the corneal refle.xes were 
absent. The pupils were dilated and reacted sluggishly to light. 

The plan of treatment was to administer oxygen, adrenal cortex extract, 
thiamine hydrochloride in large doses and supportive measures in the form of 
digalen and fluids as indicated. He received 10 cc. of adrenal cortex extract, 
divided into three doses administered at three hour intervals. Later, he received 
sulfonamide drugs, with the idea of preventing a complicating pneumonia. 

The symptoms of pulmonary edema persisted for fifty hours, and he remained 
in coma for seventy-four hours. On the fourth day he began to speak, but his 
speech was so slurred as to be unintelligible. The Babinski sign disappeared, 
and the corneal reflexes returned. However, he was hypersomnolent, and the 
soft palate was partially paralyzed. For two weeks he appeared dazed and 
“washed out.” Improvement was constant, and he no longer revealed any evidence 
of hallucinations. The Babcock-Levy test revealed an efficiency index of —5.5, 
and this extreme degree of pathologic inefficiency led one to believe that the 
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patient had sustained organic damage to the brain. The Rorschach test re\ ealed 
no signs of organic disease, but indicated strong schizophrenic tendencies. 

CONCLUSIOXS 

1. Acute pulmonary edema was found in 1.1 per cent of the patients \yith 
schizophrenia who were treated with insulin at the Morristown State Hospital. 

2. The occurrence of neurologic signs with acute piilmonary edema did not, 
in all cases, follow the pattern associated with insulin shock therapy. 

3. Adrenal cortex extract proved of value in the treatment of acute pulmonary 
edema and prolonged coma associated with insulin shock therapy. 

uiscusstox 

Dr. Thurstox D. Rivers : I have listened with interest to the paper because 
in my experience I have not observed pulmonary edema as a complication of 
prolonged stupor. 

I wonder why Dr. Gottesfeld thinks that the administration of saline solution, 
as well as adrenal cortex extract, to patients with this condition is beneficial. It 
seems to me that any increase of blood volume, with a tendency to dilate the 
blood vessels, would be contraindicated. The use of adrenal cortex extract will 
probably have some effect on the water balance, but I do not see how it would 
increase the ability of the cells to utilize the sugar in the blood stream. 

Dr. Arthur P. Noyes : What would 3 'ou think. Dr. Rivers, of the advisability 
of using plasma or of the transfusion of whole blood? 

Dr. Thurstox D. Rivers: Hypertonic solutions of all kinds may be useful. 
Whole blood has some dehydrating effect, but not a great deal. The use of dry 
plasma, -dissolved in 50 per cent sucrose, should be beneficial 

Dr. Solomox Lesse, Norristown, Pa. : The extent of damage to the brain 
done by prolonged coma is still a question. Dr. Harry Zimmerman, of Yale 
.University, has told me of a woman of 44 with schizophrenia who died after four 
days of prolonged coma occurring in her second course of insulin shock treat- 
ments. ^t autopsy her brain showed extensive destruction of the ganglion cells. 

Dr. Thurston D. Rivers : It is well to consider prolonged stupor not so 
much as a complication but as an extension of the desired period of coma. A 
patient with prolonged hypoglycemia should first be treated with dextrose if he 
reaches the condition in which dextrose does not seem to be restorative, other 
therapeutic measures, such as administration of plasma, should be instituted. Then 
there are persons who respond to no therapy whatever. I have been much 
interested in patients with prolonged coma and their recovery. In my own series 
I was surprised to find that only 50 per cent of the patients with prolonged coma 
were benefited by the coma. 

Dr. B. H. Gottesfeld, Norristown, Pa. : The association of pulmonarj' edema 
and other pulmonary complications with prolonged coma is not uncommon. Jessner 
indicated that pulmonar}' complications constitute one of the more frequent types 
of untoward reactions to insulin treatment. As to justification for the use of 
saline solutions following pulmonary edema,, I should like to point out that there 
IS considerable difference of opinion. The use of plasma and whole blood has 
been ^ recommended. The theory that there is increased vascular permeability 
remains to be proved. The question arises : “Why should there be increased local 
pulmonary permeability without any evidence of peripheral edema or increased 
peripheral vascular permeability?” The problem may be concerned with the 
paras}TOpatheticomimetic factors controlling the pulmonary vasculature. 

Numerous reports on cerebral complications may be found in the literature, 
rreed and Sachs, Wortis and others have described vascular changes associated 
with prolonged coma. In my study I attempted to correlate the performance test 
with the changes produced by the prolonged coma and the associated pulmonary 
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edema. Further studies at three month intervals will aid in determining the 
degree of recovery. 

The Rorschach Method in State Hospital Practice. Dr. E. Louise 

Hamilton, Norristown, Pa. (by invitation). 

The Rorschach method is a projective technic which is being used with increas- 
ing frequency in mental disease hospitals and in child guidance work. My asso- 
ciates and I have found it extremely useful in cases of difficult diagnosis in both 
the Norristown State Hospital and the child guidance clinics conducted by the 
hospital. The technic devised by Dr. Hermann Rorschach, a Swiss psychiatrist, 
consists of ten standard ink blots, five black and white and five colored. 

The procedure consists of three parts: performance proper, inquiry and testing 
of limits. The scoring is not simple. There are fourteen scores for location, or 
the part of the blot used. There are also twenty-nine determinants, such as form, 
movement, color and texture. Content and popularity or originality of the answer 
are other types of scores. Interpretation of a Rorschach record is a highly skilled 
task and requires considerable training and experience. It is not possible to draw 
conclusions from any one factor unless they are confirmed by other factors. 

Three cases are presented in which the Rorschach technic was especially 
helpful in the diagnosis and in the disposition of the patient. In 1 of these cases 
the patient was thought to be almost entirely recovered after a series of insulin 
treatments and prolonged coma with pulmonary edema. The Rorschach test 
showed that he liad not recovered sufficiently to resume his former occupation. 
The results of the Babcock test agreed with those of the Rorschach method. 
Recommendations were made that he find a simpler type of occupation. Another 
case was that of a patient about the diagnosis of whose condition there was con- 
siderable disagreement. Traumatic psychosis, schizophrenia and manic-depressive 
psychosis were all considered. The Rorschach results did not reveal anything of 
a schizophrenic or organic nature and seemed to indicate that the patient had 
had an affective reaction. His condition was finally diagnosed as manic-depres- 
sive psychosis, and he later recovered and went home. Another case was that of 
an adolescent boy of 17 years whose condition had been diagnosed in another 
clinic as schizophrenia, but the Rorschach test seemed to indicate that he was not 
especially different from the average 17 year old boy who has not yet solved some 
of his sexual conflicts. Later, after a short period of treatment in the child 
guidance clinic, he found a job. According to recent reports, he is adjusting well 
in the Army. 

Testosterone Therapy of Involutional Psychosis. Dr. E. F. Kerman, 

Norristown, Pa. (by invitation). 

In tliis study, 12 male patients with involutional melancholia were treated with 
testosterone propionate. There are several reasons that this work was undertaken. 
First, conflicting reports have appeared concerning the value of testosterone in 
cases of involutional psychosis in males. Results in the various investigations 
range from 100 per cent recovery to no improvement at all. Second, the number 
of cases cited in the literature is small, and it was felt that further work would 
aid in the statistical evaluation of the efficacy of the drug. Third, the dose 
employed by other workers, usually 10 mg. three times weekly, has been questioned, 
the suggestion being given that 25 mg. is a more effective amount. The latter 
dose was employed in this study. 

All of the males admitted to the Norristown State Hospital in the past five 
years whose condition had been diagnosed as involutional psychosis were considered 
for treatment. Of this group, there were 12 for whom the diagnosis was clear 
and whose symptoms had remained constant for a period sufficiently long that 
the likelihood of a spontaneous remission during the period of treatment was 
minimized. The ages of the selected patients at the onset of their illness ranged 
from 53 to 64 years. The duration of the psychosis varied from one and a half 
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to five years. Other treatments had been employed previously with 5 of the 
patients. Full courses of metrazol given to 2 of these 5 patients brought about 
no change. With 2 others convulsive shock therapy had been tried but had to 
be terminated because of cardiac decompensation resulting from treatment. In 
1 patient narcosis had been induced with sodium aniytal, Avith no improvement. 
Practically all of the men were poor risks for shock therapy because of their age 
or physical condition. 

Testosterone propionate, in ampules containing 25 mg. in oil, was injected 
intramuscularly three times weekly for thirteen weeks. The patients were not 
told the nature of the treatment or its purpose. No effort at psychotherapy was 
made. The patients were then observed for two months and again given testo- 
sterone for seven more weeks. They were observed for two months after this. 
In all, this study covered a period of eight months, and each patient received a 
total of 1,500 mg. of testosterone propionate. 

Of the 12 patients, 11 showed no improvement whatever either during or after, 
treatment. Two of the 11 patients showed increased agitation during treatment, 
which subsided considerably afterward. One patient improved. He was 56 years 
old at the onset of his psychosis three years before. About a month after treat- 
ment was started, he began to take an interest in ward work. He continued to 
show improvement, and seven months after the beginning of testosterone therapy 
the staff of the hospital considered him well enough to grant the request of his 
family that he be allowed to return home, where he is at present. 

The results, therefore, show 1 case of improvement among 12 patients. One 
cannot say whether the improvement in the 1 patient was due in any measure to 
the testosterone or whether it was coincident with treatment. Since the course 
of the majority of the patients was unaltered by the substance, it seems that one 
can state with reasonable assurance that testosterone propionate appears to have 
little or no effect in the treatment of involutional melancholia in the male. 

Psychosis Associated with Progressive Muscular Dystrophy. Dr. B. H. 

Gottesfeld and Dr. H. H. Herskovitz, Norristown, Pa. 

The case here reported concerns the development of dementia praecox in a 
single white man aged 24 who suffered from progressive muscular dystrophy. He 
has a brother who is not psychotic, but has progressive dystrophy, and a twin 
sister who has escaped both diseases. 

The family history is without significance. The mother died when the patient 
and his twin were born. The twins were raised by the maternal grandparents, 
while the brother was brought up by the paternal grandparents. After his wife’s 
death the father took little interest in the children. He was said to have been 
ashamed of his sons because they were crippled. The patient was described as 
kind, gentle and obedient. He liked to read poetry, philosophy and books on 
etiquette. In both brothers the onset of muscular dystrophy occurred at the age 
of 8 years, and weakness progressed gradually. Our patient was fearful of becom- 
ing dependent on others and did everything he could to better himself. Although 
working under a great handicap, he graduated from high school. He took a 
business course, wnth the hope of later supporting himSelf. Home conditions 
were rather poor in that the people with Avhom he lived were unsympathetic. He 
consideied them vulgar and disliked their profanity. The patient’s brother was 
always shielded by his grandparents. He took little interest in school. His' 
giandparents did not permit visitors because they did not want the boys “gawked 
before the patient consented to wear crutches his brother was spending 
all of his time in a wheel chair. The patient’s psychosis occurred suddenlJ^ He 
e.xpressed the belief that he was poisoned; he heard voices of a condemnatory 
nature and was loud, destructive and assaultive. 

The pertinent literature is reviewed. The difference in the prepsychotic per- 
sonality of the patient and that of his brother and the possible reasons for the 
development of a psychosis in the patient are discussed. 
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H. Houston Meiiritt, M.D., Presiding 
Regular Meeting, May 14, 1942 

Potentials of Rapid Frequency in the Human Electroencephalogram. 

Dr. Knox H. Finley. 

Gibbs in 1937 described the range of frequencies of the bioelectric potentials - 
of the brain as the “cortical frequency spectrum.” This spectrum may be divided 
into three bands: (1) slow, 1 to 8 cycle per second waves; (2) medium, 8 to 12 
cycle per second waves, and (3) rapid, 12 to 40 or more cycle per second waves. 
This study is concerned with those cycles of rapid frequency u'hich have an 
amplitude of 25 microvolts or more. Most of these C 3 xles are within the 18 to 
30 per second range of the rapid frequency band. 

Although these high voltage, rapid cjxlcs occurred in a small percentage of 
electroencephalographic tracings from normal control subjects (less than 5 per 
cent), they appeared in a significantly higher percentage of tracings from over 
4,500 persons representing a variety of ncuropsychiatric disorders. Three infer- 
ences are to be made from this study: (1) Rapid frequenev' patterns are widely 
distributed throughout the neuropsychiatric disorders; (2) similar types of rapid 
frequency patterns are encountered in a variety of clinical conditions, and (3) 
various types of rapid frequency patterns are to be found among patients with the 
same clinical condition. , 

Gibbs, in his studies on epilepsy, was the first to call attention to a certain 
tj'pe of rapid activity. Because he was impressed by its frequent occurrence in 
cases of grand mal epilepsy he termed such activity “grand mal activity.” In my 
experience similar activity is encountered with a variety of clinical conditions, and 
even more often with neurosyphilis and affective psjxlioses than with grand mal 
epilepsy. 

discussion 

Dr. Frederic A. Gibbs : Some of Dr. Finlej^’s remarks were aimed so directly 
at me that I can hardly escape the necessity of replying. The tremendous number 
of cases that he has studied entitles him to speak with authority not onlj" on the 
ps 3 xhoses but on epilepsy. 

My associates and I have good precedence in electroencephaIograph 3 " for the 
use of clinical and electrical terms interchangeably. The clinician is interested 
not in a neurophysiologic interpretation but in clinical conxlations. We find it 
convenient to abbreviate the statement “3 per second wave and spike activity of 
the type most commonly seen during petit mal seizures” to “petit mal type of 
disorder,” and similarly for grand mal and psychomotor seizures. Dr. Finley 
has said that what is called grand mal activity is not seen most commonly with 
grand mal seizures. It is possible that we have used this term too loosely and have 
misled him. We have always made a distinction between more or less steady 
fast activity and true grand mal activity. We have tried to reserve the term 
“grand mal” for a discharge of the type which is seen at the time of a grand mal 
seizure just as we have reserved the term “petit mal” and “psychomotor” for the 
type of activity seen during petit mal and psychomotor seizures. It is true that 
o-rand mal discharges are rare in interseizure records, but we have never encountered 
a grand mal discharge in the tracings of more than 3,000 normal control subjects 
or in those of more than 4,000 patients with neuropsychiatric disorders unasso- 
ciated with epilepsy. The latter group represents every type of disorder which 
Dr Finley has studied; All recognize tliat the electrical activity of the cortex 
as it appears in the electroencephalogram is exceedingly complicated. There are 
many ways in which to regard it. If it is looked at in our way, certain definite 
correlations can be found between epilepsy and special types of seizure patterns. 

I cannot believe that Dr. Finley wishes to deny these correlations. They are as 
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real as anything in electroencephalography and as good as many of the most 
important correlations in clinical neurology. If any one wishes to use different 
words, “rapid activity” instead of “fast activity,” “spike and wave” instead of 
“wave and spike” or “abnormal waves” instead of “dysrhythmia,” that is imma- 
terial, but the facts remain; they are as we have stated them, and they can be 
seen by any one who has requisite powers of discrimination. 

Dr. Robert S. Schwab: Dr. Finley’s paper is important because it emphasizes 
a band of frequency often disregarded in the localization of tumors and in the 
study of cerebral disorders. My first contact with fast frequencies came in a case 
in which from a localized area of 3 to 4 cm. there was a continuous discharge 
with a frequency of about 18 to 26 cj'cles. One of my associates suggested that 
this looked like a muscle discharge, though it was above any muscle. It was 
not present on the other side. The patient had jacksonian convulsions, and 
operation, which was eventually performed at the Massachusetts General Hospital, 
revealed an infiltrating glioma. We often wheel the portable electroencephalograph 
into the operating room for direct recording from the exposed brain. In this 
case the same fast frequency was picked up from the tumor, but w'as not picked 
up 5 cm. away from the infiltrating tumor in normal cerebral cortex. Therefore 
we were sure that this was actually a cerebral discharge. Dr. Finley did not 
emphasize that this fast frequency looks like that of muscle. In the particular 
case I cited we eliminated the possibility of this fast frequency’s being from 
muscle. Sometime later Dr. Madelaine Brown and I, in examining a group of 
patients with Meniere’s disease, encountered a frequencj'^ which resembled that of 
muscle. Our final conclusion was that there is, in patients with intense vertigo 
of Meniere’s type, a fast frequency discharge from the cortex that looks something 
like a muscle potential. But I do not think one can be certain that there is not 
some muscle discharge in these tense patients when they are suffering from 
attacks of vertigo. Further evidence that would verify the assumption that these 
discharges are really cerebral and related to an abnormal cortex I observed 
during operation on 4 patients with Parkinson’s disease. In all 4 patients I 
noted increased voltage and increased fast activity from the cortex in a region 
where there was no muscle within 6 cm. of the electrodes. At the time of the 
first observation of this fast frequency, I suggested to the neurosurgeon that this 
was an abnormal discharge and that he had better use a weak current for stimu- 
lation. This he did not do, and in two or three minutes the patient had a 
generalized seizure on the operating table. This happened a second time with 
another patient who showed high frequency waves with cortical stimulation; so 
I am convinced and I agree with Dr. Finley that such fast frequencies do occur 
in the cortex. I have seen them on six occasions in the operating room. One 
must be careful, however to eliminate muscle frequencies, which parallel this 
band closely. 

Dr. Frederic A. Gibbs : I should like to spare Dr. Finley from having to 
defend himself against the imputation that he may have confused fast activity of 
cortical origin and muscle potentials. A beginner might make such a mistake, 
but ^ any one with a good instrument and sufficient experience will be able to 
distinguish certain types of fast activity which are not that of muscle. I am 
sure that Dr. Finley can do this and that in what he has said about rapid activity 
he referred to a type of activity which is clearly distinguishable from muscle 
activity. 

Dr. William G. Lennox : Dr. Finley deprecated the practice of not using 
a sufficiently^ large “gain” so that abnormal waves are clearly discernible. I 
should criticize his slides for the same reason. With so many tracings on a 
single lantern slide, each tracing is so small that we of the audience are unable 
to judge whether his rapid waves are from brain or from muscle. Also, he did 
not show samples of rapid activity from his normal group. 

Dr. Knox Finley: I disagree with Dr. Gibbs’s statement that the clinician 
is not greatly interested in neurophysiologic interpretations. It is this verj"- inter- 
est that makes the clinician so critical of Dr. Gibbs in his use of clinical terms 
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in interpreting his neurophysiologic data. The clinician is aware of the limita- 
tions of these clinical terms and has reason to be skeptical. Dr. Gibbs has stated 
that perhaps he has used the term “grand mal aotivity” too loosely, and that it 
should be limited to a discharge of the type which is seen at the time of a grand 
mal seizure. In my experience “grand mal activity” varies even during a grand 
mal seizure. Furthermore, activity of the type occurring during grand mal 
attacks is by no means limited to grand mal epilepsy, but, as I have shown, is 
associated with other neuropsychiatric disorders. There must of course exist 
some correlation between epilepsy and special types of seizure patterns. From 
my own studies I am not clear as to what these correlations are; furthermore, 
I am unable to confirm the special correlations which Dr. Gibbs finds, or at 
least implies. 

Dr. Schwab has raised the question of one’s confusing rapid activity with 
muscle artefact. The two may be confused if one does not use the necessary 
precautions. There are several ways of ruling out muscle as tlie source of the 
rapid activity, which I have described this evening. For example, these rapid 
frequency cycles of cortical origin are often better brought out by the bipolar 
technic, in which the electrodes are more removed from the source of muscle, 
than by the monopolar technic, in which the indifferent electrode lies near muscle 
tissue. In cases of neurosyphilis one sees these rapid C3"cles disappear with anfi- 
syphilitic treatment and clinical improvement. Furthermore, rapid activity of 
cortical origin is sometimes seen in the early stages of physiologic sleep, when 
the subject is well relaxed. 

Dr. Lennox criticizes the amount of gain used in the samples illustrated in 
the lantern slides. Most of the samples shown were amplified two or three 
stages, which I believe is in keeping with the amount of gain Dr. Gibbs and 
Dr. Lennox often use in their laboratorj'. My lantern slides were not made up 
to establish that these rapid waves were from the brain rather than from muscle. 
As Dr. Gibbs has already stated, with a little experience and care one need not 
confuse a muscle artefact with rapid potentials. The rapid patterns which 
occurred in the tracings of a small percentage of my normal group were suffi- 
ciently similar to those illustrated in the lantern slides that, in the time allotted, 
I did not feel justified in duplicating them. 

The Kenny Method of Treatment of Infantile Paralysis. Dr. Arthur 
L. Watkins. 

The National Foundation for Infantile Paralysis has recently sponsored in 
Minneapolis a course for physicians to demonstrate the Kenny method of treat- 
ment and to present for evaluation the original cases in which the treatment was 
employed. My conclusions are based on evidence presented in this course. 

The traditional treatment of poliomyelitis, although not standardized, will be 
outlined briefly for comparison. It is generally believed that flaccid paralysis 
develops from destruction of anterior horn cells, but in some instances certain 
groups of muscles are less affected and tend to cause deformities by imbalance. 
Splints are therefore applied to prevent this and to rest the affected muscles. 
When muscle tenderness has disappeared, active reeducation of weak muscles is 
started the splints remaining on between treatments. There is great variation, 
however, in the time of starting motion and in the use of focal heat and 
hydrotherapy. 

The Kenny method of treatment is based on a different concept of the symp- 
toms and the factors which lead to the development of deformities. Miss Kenny 
recognizes that there will be a certain variable percentage of patients with 
residual flaccid paralysis of one or more extremities. This is a result of com- 
plete destruction of anterior horn cells, for which no cure is known, nor does 
she claim any Miss Kenny’s treatment is directed toward another condition 
which she calls muscle “spasm.” This symptom is thought to be of the utmost 
importance for if it is not treated early, contracture, fibrosis, atrophy and loss 
of function will result. This so-called spasm consists in pain, tenderness on 
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pressure, constant hyperirritability, particularly on stretching, and in some cases 
visible fasciculation. After several weeks muscles which have been thus affected 
and not treated properly will exhibit contracture, fibrosis and atrophy. Kenny’s 
term “spasm” refers in a general way to these conditions and is misleading if 
interpreted according to general usage. 

Miss Kenny has further observed that in the majority of cases the posterior 
muscles of the neck, trunk and lower extremities are more affected by “spasm” 
than the anterior muscles with antagonistic action. She believes that if treat- 
ment is carried out in the traditional manner the antagonists of the muscles with 
“spasm” become lengthened and atrophied from disuse and that finally power of 
voluntary contraction is lost. She designates such a functionally paralyzed muscle 
as “alienated.” She also speaks of it as “nonparalytic,” which means that if the 
“spasm” of the antagonist is released and the muscle is allowed to regain its 
proper resting length, it may be made to function by proper stimulation and 
reeducation. She has learned to distinguish a truly paralyzed muscle from an 
“alienated” one by passively stretching the muscle a few times within a small 
range of motion; then, by careful observation, a functionally paralyzed muscle 
will be seen to become tense, so that its tendon will .stand out beneath the skin. 
One might explain this by the assumption that the myostatic stretch reflex had 
thus been elicited. 

A third factor leading to muscular dysfunction Miss Kenny has called “inco- 
ordination.” This consists in the substitution of accessory muscles, or even 
antagonists, for the proper prime movers of a joint. Individual muscles also are 
said to contract improperly in sections rather than through their full length ; 
again, this is spoken of as “incoordination.” This phenomenon, I believe, is 
generally recognized to occur whenever there is attempted motion with partially 
paralyzed muscles around a joint and also when the joint is immobilized. 

The Kenny method of treatment aims to eliminate or correct these three 
factors leading to deformity and impaired movement. The muscle “spasm” must 
be treated as soon as the diagnosis is made. A delay of as little as three or 
four weeks may seriously compromise the results. Treatment consists in the 
application of hot packs of a measured size to fit muscles without immobilization 
of the joints. These woolen packs are immersed in boiling water, wrung out 
twice through a tight wringer at the bedside and applied quickly to the involved 
part. The pack is then rapidly covered with oiled silk and a layer of dry flannel. 
The packs are changed every fifteen minutes if spasm is acute ; otherwise, every 
two hours for a twelve hour period each day. Spasm is usually relieved within 
a week by such treatment, but packing is continued for weeks or months if the 
muscle exhibits contracture or shortening. Although the original temperature of 
the pack is high, there is rather rapid cooling, and at the end of two hours there 
is probably a tendency for the body to heat the pack. This is in realitj'^, then, a 
type of contrast therapy. 

No active or passive movements which cause any spasm or pain are allowed. 
When the spasm is relieved, passive motions only are started while the packs are 
still in use,^ and the muscles are said to be “stimulated” by this. One might 
interpret this physiologically as the setting up of a barrage of proprioceptive 
impulses to facilitate the motor pathway and the proper pattern of response. 
Active motion, or muscle reeducation, begins only when spasm has been relieved. 

within a week in some cases, while in others some muscles may 
exhibit residual spasm which requires hot packs for months. 

Miss. Kenny s system of muscle reeducation emphasizes the isolated action of 
certain important muscles for each movement of a joint. The patient is taught 
exquisite _ control of agonists and antagonists so that smooth rhythmic motions 
are obtained. There is no effort to strengthen individual muscles by resistive 
exeicises, but the, purpose is to increase strength by repeated coordinated move- 
ments. All the patients I saw there were beautifully trained in the performance 

of these motions and were flexible to a degree rarely seen in average normal 
persons. 
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The most convincing evidence available at present in favor of the tlieory tiiat 
muscle spasm if untreated leads to contracture deformities is obtained by com- 
paring the patients treated by the Kenny method with others in the same epidemic 
who were treated early by immobilization without packs. Whereas in the first 
group there was complete freedom of motion in all joints through a normal range, 
in the latter group a mild or severe degree of stiffness and contracture could be 
demonstrated, particularly of the posterior muscles of the back and the lower 
extremities. 

The nature of muscle “spasm” is unknown, but several possibilities will be 
investigated in the future. In a recent case my associates and I have observed 
abnormal electrical activity as judged by the electromyographic tracing from an 
involved muscle. In another case of long standing, an apparently paralyzed 
muscle responded well to faradic stimulation, an observation suggesting that func- 
tional paralysis may occur in this disease. 

It is extremely difficult to evaluate statistically the results of treatment of 
different groups of patients Avith poliomyelitis because of the variability in the 
extent of paralysis which is to be expected. Eighty-four patients in the earl}' 
stage have been treated in Minneapolis by the Kenny method. Among these 
patients there were residual paralyses in 10 lower and in 2 upper extremities. 
Although all patients showed involvement of muscles of the neck and back and 
the hamstring muscles, in no instance was there residual involvement of the trunk. 
The most striking feature observed in these patients was the ease and coordina- 
tion of movement and the remarkable suppleness. None of the familiar contrac- 
ture deformities A\’ere seen, and the condition of the skin, subcutaneous tissues, 
muscles and joints in the paralyzed extremities was better than is usually seen 
as judged by inspection and palpation. Although no splints or supports were 
used while “spasm” was present, they were not objected to after the period of 
recovery. No deformities resulting from this lack of immobilization were observed. 
The comfort and morale of patients under treatment were impressive. 

In summary, the following conclusions are stated : 

1. In acute poliomyelitis “spasm” of affected muscles is a condition of unde- 
termined cause, which if untreated leads to contracture deformities, functional 
paralysis of antagonistic muscles and dysfunction of accessory muscles. 

2. Muscle “spasm” is relieved by the application of hot packs as described if 
treatment is started within the first week or two of the illness. 

3. Functional paralyses are prevented by elimination of spasm of antagonists, 
and by stimulation of proprioceptive impulses through passive movements. 

4. Smooth, coordinated movements are developed by a system of muscle reedu- 
cation stressing isolated muscle action. 

5. Contracture deformities have been eliminated without the use of splints- 

6. Functional results are equal or superior to any known method of treatment, 
although residual flaccid paralysis is not eliminated. 

7. Similar results have been obtained by many different users of this method 
of treatment. 

DISCUSSION 

Dk. Frank R. Oder: I had heard a great deal, both pro and con, about Miss 
Kenny’s method of treating infantile paralysis. Last autumn, I made a visit to 
Minneapolis and spent a day with her at the clinics, and had a very interesting 
time. 

In 1915 Dr. Lovett and I began the use of hot packs and hot baths in the 
early treatment of infantile paralysis, but of course most of our patients did 
not come to us until several weeks after the quarantine period was over. We 
found that with the use of hot packs and baths the patients with deep sensitiveness 
were made more comfortable; we also noticed that they could move their legs 
in a hot bath when it was impossible to do so on a bed. 

Of course Miss Kenny’s treatment is an all day affair, in which she bakes the 
legs in hot fomentations by a special technic, and there is no question that the 
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sensitiveness and muscle spasm disappear much more rapidly than with the staii- 
dard therapy. She states that contractures and spasm and limited motion in 
joints occur as a result of prolonged immobilization. I have seen these phenomena 
many times even when there was not much paralysis present. 

Personally, I have adopted the practice of applying wire splints to the 
extremities when they are in the position of comfort and of using the hot packs 
or hot baths three times a day, and I have found that the flexed extremities will 
relax and graduall}’’ straighten out. The wire splints have the advantage over 
plaster casts in that the}'' can be bent to follow the line of deformitj as the leg 

improves. ... . . , 

There is one element in poliom 5 'elitis that is confusing; that is, tenderness and 
pain in the nonparalyzed extremity may be even greater than in the paralyzed 
extremity, and sometimes it takes a long time for the nonparalyzed extremity to 
be relieved of the pain. It has been our experience that deep massage always 
increases the tenderness and deformity, the latter being due to the spasm of. the 
muscles. 

Patients ^vith poliomyelitis appear to be perfectly comfortable in bed until 
some one tries to do bed nursing; then it is found that the legs, the arms or the 
back is sensitive. Sensitiveness may be elicited by straight leg-raising, muscle 
squeezing, dorsiflexing the calf or putting any of the flexor muscles on the stretch. 
If the leg is allowed to assume a bad position, contractures may develop which 
will be difficult to straighten out. 

If one is to use the Kenny treatment, it must be carried out thoroughly ; other- 
wise, one must prevent deformities by other methods which are known and fairly 
well standardized. In Sister Kenny’s cases, however, there does not seem to be 
the atrophy which occurs from prolonged splinting. I found in her cases that the 
skin was in excellent condition, with apparently normal color and normal circula- 
tion. If immobilization is to be given up entirely, the nursing care must be of 
the best. 

I believe .that the early application of heat as advocated by Sister Kenny is 
a distinct advantage in . the treatment of infantile paralysis and that with this 
method the deep pain and spasm disappear much more readily than with the older 
methods of prolonged immobilization and lying in bed. 

Dr. D. E. Dexny-Brown : I agree entirely with Dr. Ober’s impression. 
Miss Kenny’s treatment was the subject of two committee reports in Australia 
in 1936. It was the impression of those committees that her success was due to the 
intensity rather than to the nature of her system. Perhaps an orthodox method, 
used as intensively, would have been as good. In 1937 she went to England and 
was given three wards, a treatment clinic, all the apparatus she wished and five 
whole time masseuses. The original plan was to review the situation after three 
months, but the period was extended to a year. At the end of that year a com- 
bined committee of neurologists and orthopedists made a report. At that time 
she had not evolved the present rationalization of her method. Spasm was not 
then an important factor, nor was “alienation.” At that time, too, she claimed 
that if her treatment was started sufficiently early, a complete “cure,” as she 
termed it, could be obtained. The validity of that assertion was denied by the 
comrnittee, who found that her claim of effecting a complete cure was not sub- 
stantiated.^ She has since dropped this claim and recognizes that persistent flaccid 
paralysis is sometimes encountered. It was found that her methods of hydro- 
therapy were valuable and did no harm, but the committees were not convinced 
that very early application of them, or of passive or attempted active movements, 
was essential. My own histologic experience in observing torn muscle fibers in 
the early stages of the disease certainly gives me great respect for recently 
paralyzed muscle. It was found by the committee that splints can often be dis- 
pensed with in the early stages, but are sometimes valuable and essential. It was 
further^ felt that at that time Miss Kenny had begged the question of subsequent 
deformity and was not capable of dealing with the mechanical situation resulting 
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from persistent paralysis. I should like to ask what happens now witli respect 
to the late_ stage of such paralysis, for Miss Kenny has modified her views con- 
siderabb' since then. 

Unfortunately, Miss Kenny would have none of any method that attempted to 
conibine^ other, most useful measures with her therapy, and so to her the world 
was divided into those who would accept her treatment in every small detail and 
those who would not. Most workers prefer not to be driven to one extreme in 
every detail or to apply a rigid routine in every case. Dr. Ober expressed it 
perfectly when he said there was no such thing as an orthodox method. 

I am intrigued by the question of “spasm,” or “spasticity,” and I should like 
to ask whether by the term Miss Kenny refers to rigidity of the neck and to 
resistance to movement in the neck and shoulders, particularly in the early stages 
of paralysis. Many investigators have noted that long after the spinal fluid has 
returned to normal, or has shown only an increase in protein, there is often 
persistent rigidity of the neck. I myself had attributed this symptom to the fact 
that the spinal cord was still inflamed. Might this condition of “spasm,” therefore, 
be central in the sense that tension on meningeal attachments causes “spasm,” 
without any reference to lesions in the muscles? In that case, would not the hot 
packs and heat be better applied to the spine than to the affected muscle? 

Dr. James B. Ayer : I agree with Dr. Ober that there must be value in the 
Kenny treatment. At the Massachusetts General Hospital, my associates and I 
felt strongly enough about this treatment to send Dr. Watkins to Minneapolis, 
where he spent a week. He has come back 'enthusiastic. If an epidemic of polio- 
mj'elitis occurs, we plan at the hospital to place certain patients under this treat- 
ment and to study them with reference to certain laboratory tests which are not 
being used at Minneapolis, particularly electromyographic studies. I was especially 
interested in a remark made by Dr. Smith-Petersen, who, when asked his opinion 
of this treatment, said : “After all, orthopedists do not all have set methods of 
treating this disease. Many do use fomentations now and carry out active muscle 
training in the early stages.” In any case. Sister Kenny has emphasized active 
therapy in the early stages of paralysis, and the results obtained justify reevaluation 
of the method by persons directly concerned with the treatment of poliomyelitis. 

Dr. Robert Schwab; Does Dr. Watkins know of any application of this 
therapj' to disease of the anterior horn cells and muscle atrophy? I wonder 
whether this method of heat and massage would not be a sensible therapeutic 
venture in management of fibrillation, which so far has not responded to use of 
vitamins or other treatment. 

Dr. H. Houston Merritt: How expensive is this treatment, and how much 
nursing care is needed? 

Dr. Arthur L. Watkins ; I think that Dr. Ober and the other discussers 
are entirely right in emphasizing that there is no one traditional treatment, and 
Dr. Ober has long pointed out the disadvantage of using massage when one is not 
careful of the tender muscles. Many people overlook the spasm in muscles. Miss 
Kenny has changed a great deal in her concepts. They notice it in Minneapolis 
as time goes on. She learns from the phj'sicians who go out there; so her 
method is not any one set type of treatment. She states she never saw the 
bad cases in Australia that she has seen in Minneapolis, and she admits that she 
does have cases of residual paralysis. While I was there she said, “This person 
should have some braces and supports and probably some stabilization operations 
on his feet.” She is still rather ritualistic, as in the pack treatment, and I think 
many observers are not particularly impressed. It seems as though something 
easier and more effective should be developed. She makes a point of distinguishing 
between rigidity of the neck and back due to meningeal infection and that occurring 
in poliomyelitis. She was not able to convince me exactly, and I am still not 
clear as to what the difference may be. I think the meningeal irritation may be 
an explanation to some extent, but the mechanism is vague. She does - treat the 
region of the neck and spinal cord. 
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I do not koow whether this treatment has been applied to progressive muscular 
atrophy. Miss Kenny does not employ massage. The use oi heat is directed 
toward the muscle, although she has applied it in Australia in cases of infantile 
cerebral palsy for relief of spasticity. As for its effect on fibrillation, that, also. 


has not been studied. . . 

In Warm Springs, Ga., they have adopted the policy of using ward maids lor 
applying packs, which they can do at a minimum cost. If this were done by the 
nursing personnel the expense would amount to a great deal. 


Toxoplasmic Encephalitis: Clinical Experience. Dr. Bronson Crothers. 

Toxoplasmic infection as a cause of cerebral and ocular lesions in^ children was 
unknown until a series of papers by Dr. Abner Wolf and his associates, in New 
York in 1937 and thereafter, and by Dr. A. B. Sabin _ and his associates, m 
Cincinnati, proved that a significant number of cases existed. Other important 
papers by Pinkerton and Weinman and Pinkerton and Henderson indicate that 
adults can also acquire damaging or fatal lesions. 

The wide geographic range of the parasite and its many animal hosts make it 
likely that the distribution of cases of the disease in man is almost universal. 
Certainly, the cases reported here come from widely separated places, as is usual 
in hospital and private practice. 

Pathologic studies on newborn infants have demonstrated the organism in the 
eye and in the brain. 

The evidence that intrauterine infection takes place is increasingly convincing. 
The final proof, which could be obtained by identifying toxoplasmas in the 
placenta, is still absent, but the results of tests of the blood and other observations 
make the hypothesis defensible. 

The evidence certainly suggests that the organism may live for many years 
and that it carries a serious threat to future children of a mother who has had one 
infected child. On the other hand, there is no evidence that the infection does not 
completely die out in most cases. As far as I know there is no report that viable 
organisms are found in later offspring, although clinical evidence suggests that 
they may lurk in tissues for years. 

The first reports, of course, dealt with the cases of severely damaged infants. 
In these children hydrocephalus was the rule. It is now evident that certain 
persons survive without important handicap, even if the infection involves both 
the brain and the eyes. Furthermore, it is probable that a fair number of children 
suffer cerebral damage without calcification, and it seems certain that the eyes 
alone suffer in others. Available evidence also indicates that infection may occur 
without producing any symptoms or signs at all. In general, it seems clear that 
calcification may be present without altering the brain bulk or distorting the ven- 
tricles in any way. 


The development of a method for the recognition of the disease in the labora- 
tory is due to Sabin and Olinsky (Science 85:336, 1937). The procedure involves 
intradermal injection into a rabbit of infected mouse brain mixed with varying 
quantities of the blood of the suspected person. A high degree of protection is 
afforded by the presence of the blood of a person who has been infected. Readings 
are taken after a few days. 


The obvious suggestion that certain rabbits are immune and therefore will 
produce false positive reactions has been followed up, and all objections which 
occur to me have been met. Ample controls have been used. 

. , reported that tests on a considerable sample of persons with no obvious 

infection gave positive results^ ip about 10 per cent. He suggested that these 
persons might well have subclinical toxoplasmic infection. Certainly the investi- 
gation of several families indicates that this hypothesis is reasonable. 

In this paper a small series of cases is presented in which a clinical diagnosis 
toxoplasmic infection was supported by serologic evidence. All the children 
uere seen at the Children’s or at the Infants’ Hospital, and none of them wac 
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referred here as having a probable or proved case of tiie disease. The disease 
was called to the attention of the staff of the Children’s Hospital under the 
following circumstances : 

The first case was that of an intelligent, competent girl of 12 years with 
choreoretinitis and calcification. She had had a single severe convulsion. Tests 
for the presence of the organism in the blood of various members of the family 
made in our laboratory gave the following results; father, negative; mother 
positive; sister, doubtful; sister, doubtful, and patient, strongly positive. 

The second case was that of a 7J4 month old girl who had mild hydrocephalus 
and microphthalmos with calcification. Results of tests of the blood of all members 
of the family for toxoplasma were as follows': father, negative; mother, positive; 
brother, positive, and brother, positive. 

The third case, seen first in 1929, was that of a girl with convulsions and cal- 
cification without choreoretinitis. The tests on her blood and that of her mother 
have not been completed. 

The fourth case was that of a boy with convulsions, choreoretinitis and cal- 
cification. 

The fifth case was that of a boy, a j'ounger brother of the fourth patient. He 
had choreoretinitis, hemiplegia and calcification with mental retardation. Tiie 
results of testing the blood of this famil 3 ' were as follows : mother, positive ; 
brother (case 4), positive; normal brother, moderately positiv'e; brother (case 5), 
positive; sister, negative, and sister, negative. 

The sixth case was that of a girl with choreoretinitis, calcification and 
convulsions. 

The seventh case was that of the younger brother of the preceding patient. 
He had similar symptoms ; the mother had calcification without choreoretinitis, 
and another sister had calcification but no ocular or mental s 3 'mptoms. The blood 
of the mother and these 3 children was reported to be positive for the organism. 

The eighth case was that of a boy of 10 years and 7 months who had con- 
vulsive attacks, choreoretinitis and calcification. Roentgenograms of the skull of 
the father, the mother and the sibling were without significance. Tests of his 
blood and that of his mother gave positive reactions for Toxoplasma. 

The ninth case was that of a boy of 4 years and 9 months with mental defect, 
choreoretinitis and calcification. The mother and a sibling showed no choreo- 
retinitis, but studies of their blood were not possible. The blood of this child was 
reported to be positive for Toxoplasma. 

In the course of this investigation, which was largely an attempt to remember 
instances of the disease, I have collected 10 cases in which the clinical require- 
ments were fulfilled and serologic reactions were positive. In addition, 8 members 
of the families represented reacted positively to serologic tests but did not present 
clinical evidence of the disease. 

In 3 other presumptive cases serologic tests are now being made, and 2 others 
which are clinically typical are being sought for but efficient contact has not yet 
been established. 

PISCUSSION 

Dr. David H. Weinjian : Dr. Crothers has described the clinical and roent- 
genologic features of infantile toxoplasmosis. Toxoplasma in the fresh state is 
curved and somewhat resembles a bow, hence its name. It is a crescent body 
with tapering ends, measures about 6 by 1.5 microns and shows only one constant 
internal structure, the nucleus. The parasites may be either intracytoplasmic or 
extracellular. When intracytoplasmic they are massed together and often appear 
smaller and ovoid. Intracellular collections vary considerably in size, may reach 
SO microns in length and are then easily visible with low magnification. Repro- 
duction takes place by binary longitudinal fission. At one time multiple division 
(schizogony) was also thought to occur, but this observation has not been con- 
firmed and was apparently due to misinterpretation of the intracellular masses. 

In addition to its presence in man. Toxoplasma has been reported in a great 
variety of animals, including, and this is suggestive, those frequently in contact 
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with man, that is, domesticated or semidomesticated animals or pets, such as dogs, 

rabbits, mice, rats and birds. . . 

Are the infections in man and in animals caused by one or more^ species ot 
Toxoplasma? All the evidence thus far produced indicates that there is only one 
species. This conclusion has been reached since (1) toxoplasmas originating from 
any one animal are infective for many generically different hosts, and (2) Toxo- 
plasmas of different origins cross immunize against each other. 

Since Toxoplasma has such a wide distribution among animals, it is not sur- 
prising that it is equally widely distributed geographically, now having been 
reported from all continents. Cases of human infection have now been reported 
from Czechoslovakia, Netherlands and Brazil and, in the United States, from 
Boston, New York, Chicago and St. Louis. 

Concerning transmission information is not yet complete. It has been pioved 
that congenital transmission takes place both in man and in animals. It is like- 
wise proved that carnivorous animals may acquire the infection by ingestion. These 
are the only two methods established and do not appear adequate to explain all 
the cases ; notably, those of adult infection in man and of toxoplasmosis in herbiv- 
orous animals. It has been suggested that arthropods, notably ticks, may transmit 
the disease, but experimental support for this view has thus far not been obtained. 

The diagnosis may be suggested by the clinical data which Dr. Crothers has 
so ably presented in connection with the disease in infants. In adults the symptoms 
appear to be less well defined; neurologic manifestations are not conspicuous, and 
abnormalities of the heart, lungs and liver may furnish the outstanding signs. 

Of the laboratory procedures which are available for diagnosis, direct demon- 
stration of the parasite has an unusually high value. To.xoplasmas have been seen 
in sediment from the spinal fluid and in the papules which sometimes occur as a 
cutaneous manifestation of the disease; in case of the latter biopsy may be con- 
sidered. At autopsy the lesions are usually conspicuous, and parasites are seen 
within or at the periphery of these cutaneous areas. In the congenital type the 
tissues which are most often invaded are the brain and eyes, and in the noninfantile 
type, the lungs, heart and liver. 

Indirect means of demonstration involve animal inoculation and serologic tests. 
The intracerebral inoculation of mice is the preferred method. Blood, spinal fluid, 
ground tissue — all may produce infection, which results in death usually in one to 
three weeks, but the animals should not be discarded for two months. One 
inadequacy of this method is the frequency of spontaneous infection in mice. 
Therefore it is advisable to use numerous animals — at least six, which are chosen 
if possible from different litters. Guinea pigs and rabbits ma}’’ also be used, subject 
to the same caution, and may be more susceptible to certain strains than mice. 

Embryonated chicken eggs can also be infected. For diagnosis they have one 
certain advantage; i. e., they are not known to have spontaneous toxoplasmosis. 
They are, however, less sensitive to small doses of the infecting organism than 
are mice when inoculated as described in the preceding paragraph. 

Several serologic tests have been described, but only one has been used in 
connection with human cases. This is a protection test in which two sets of 
piogressive dilutions of the living toxoplasma material are prepared. One set is 
mixed with the serum to be tested; equal amounts of normal serum or of Tyrode’s 
solution are added to the other set, which serves as the control. A single rabbit 
is inoculated intracutaneously with both sets of infective material. Results are 
read at the end of ten to twelve days. The control inoculations result in areas 
oi necrosis, which vary roughly with the infective dose inoculated ; protection is 
manifested by a smaller area of necrosis as compared with that for an equal 
infective control dose. The value of this reaction is being established. It is 
probable that a negative result will prove to be of little value in excluding toxo- 
plasmosis, whereas a positive reaction is significant, although the degree of 
specificity IS not yet known. 

The pathologic lesions are conspicuous and important. They consist of multiple 
oci of necrosis of variable extent infiltrated with polymorphonuclear and mono- 
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nuclear leukocytes and plasma cells. Lesions of this type are most frequent in 
the central nervous system, meninges and eye or in the heart, liver and lung. Some 
of the lesions of the brain become calcified and are then visible ante mortem with 
roentgen rays. 

Difficulties in the differential diagnosis of the parasite in the tissues arise with 
five groups of parasites: Tr 3 'panosoma cruzi, Leishmania, Histoplasma, Sarcocystis 
and Encephalitozoon. The distinction may usually be made on morphologic 
grounds alone, although cultures and animal inoculations furnish additional criteria. 

Dr. Bronson Crothers : The disease has, of course, been described by Dr. 
Wolf and Dr. Sabin and their colleagues. The clinical material I report is chiefly 
interesting because the children are older than those in many reported cases. It 
has been my experience that the suggestion of toxoplasmosis should arise when 
the ophthalmologist is puzzled by the presence of choreoretinitis. If calcification 
of the brain occurs in addition the presumption is strong. Treatment after cerebral 
or ocular invasion is presumably futile, but the fact that the mother may react 
positively suggests that efforts at treatment, in the attempt to prevent infection 
of future children, should be made. 

Dr. Cleaiens E. Benda, Wrentham, Mass. : When I saw Dr. Crothers’ 
roentgenograms and heard his discussion of the calcification, I thought of tuberous 
sclerosis. Of course the two diseases are entirely different, but it struck me as 
significant that Dr. Crothers described lesions in the heart, the liver and the 
lungs, together with the calcifications in the brain. In cases which have been 
considered instances of tuberous sclerosis lesions in the heart and liver have fre- 
quently been shown — especially the rhabdomyoma of the heart is frequently 
associated with tuberous sclerosis. I wonder whether some of the cases in which 
the diagnosis has previously been tuberous sclerosis were not really cases of 
toxoplasmosis. I should like to ask whether in Dr. Crothers’ cases the skin was 
sometimes affected, and what kind of cutaneous changes were observed. 

Dr. Bronson Crothers ; I think Dr. Weinman has found definite evidence at 
times of lesions of the skin. 

Dr. David Weinman; Yes. I have not as yet studied the lesions in tuberous 
sclerosis. 

Dr. Paul I. Yakoviev, Waver]e 3 ', Mass.: Hou’ were the cutaneous lesions 
distributed ? 

Dr. David H. Weinman: They were disseminated in the 2 cases I recall. 
In 1 case small pinkish, very firm papules were observed. In another case the 
lesions were reddish pink and suggested typhus. Also, they were not distributed 
in any particular region of the body 

Dr. Paul I. Yakovlev, Waverley, Mass.: It is evident tliat tuberous sclerosis 
and cerebromeningeal angiomatosis, or Weber-Sturge disease, on one hand, and 
toxoplasmic encephalitis, on the other, are entirely different conditions. Never- 
theless, one may readily see how easily the confusion may arise, and it is quite 
likely that the diseases will be confused at times. Indeed, clinical features, such 
as the mental deficiency, the epileptic fits, the occurrence in siblings and the 
strikingly similar appearance of intracerebral calcifications in roentgenograms, 
are common to these condition^ Histopathologically, the confusion is hardly 
possible. Indeed, as has been seen today, the toxoplasmic encephalitis is an 
infectious, inflammatory and degenerative disease in which a pathogenic agent is 
often demonstrable. Nothing of the sort is ever seen in cases of tuberous 
sclerosis or cerebromeningeal angiomatosis. The difference between these two 
“neoplastic malformations,” which they essentially are, and the toxoplasmic 
encephalitis is of about the same magnitude as the difference between a neoplasm 
or malformation and a necrotizing inflammation. There are clinical differences, 
too, that should permit differentiation in most cases. First, the calcification in 
tuberous sclerosis and in cerebromeningeal angiomatosis does not seem ever to 
occur before puberty ; second, these two conditions are system diseases which . 
involve not only the nervous system but, in a characteristic fashion, the skin and 
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other structures of ectodermal derivation, such as the retina, the nails and the 
visceral ganglia and plexus. In the presence of such systemic generalization of 
the neoplastic malformations, the confusion with toxoplasmic encephalitis should 
not be possible. I must admit, (lowever, that in cases without neurocutaneous 
manifestations, the differentiation between these malformations and the toxoplasmic 
encephalitis may present considerable difficulty. 

Dr. Alexandra Adler; What is the character of the spinal fluid in toxo- 
plasmosis ? 

Dr. Bronson Cuothers ; I have had only 1 case in the acute stage, that of 
a baby, and in that the disease was, I should think, of two or three months’ 
duration. There was no sign of actual activity at that time, and nothing abnormal 
was noted in the spinal fluid. In some of Wolf’s cases there have been a high 
protein content and indiscriminate signs of inflammation of the eyes. Dr. Wolf 
says the organism was seen in the sediment in 1 clinical case. 
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Unconsciousness. By James Grier Miller. Price §3. Pp. 329. New York: 

John Wiley & Sons, 1942. 

The author is to be complimented especially on two things — he has written 
the book in good style so that it is readable and pleasing; second, he meticulously 
defines his terms and never lets the reader forget the sinfulness of ambiguity. In 
this one senses the influence of Lawrence Henderson, who struggled so valiantly 
to bring the exactness of chemistry to the aid of sociology. 

There are two objectives in this monograph. The first is to show that much 
harm has come from the divorce of academic and laboratory psychology from 
clinical psychiatry. The second is the discussion of unconsciousness. 

“Consciousness is a central problem for both the psychological laboratory and 
the psychiatric clinic, for academic psj’chologists, psychoanalysts, and psychiatrists 
alike. There has, however, been little cooperation between them in investigating 
it. It is essential that a rapprochement between the various psychological sciences 
be accomplished. The issue of unconsciousness offers an excellent occasion to- 
illustrate how this can be achieved. It is only one of many problems in which all 
branches of the psychological science will find mutual benefit in cooperation. 
Such a coordinated program is the procedure offering the greatest hope that, in 
the future, sense can be made in many fields of human personality and behavior 
which today are realms of ignorance and nonsense. 

“The enigma of unconsciousness has been studied and disputed by psychologists 
for many years. It has been approached from many angles, from the neurological 
at the one extreme to the philosophical at the other. It has been the subject of 
careful experimentation on the one hand and of soaring theorizing on the other. 
The problem has embraced such different phenomena as fainting, hypnosis, 
inattention, creativity, repression, and instinctual behavior. 

“Some who have interested themselves in these questions have seen that all 
these sorts of unconsciousness cannot be identical, and they have often insisted 
that they do not even have similar characteristics. Therefore, various terms have 
been invented, compounds of the word conscious, in order to distinguish and 
explain these different phenomena. Such words as ‘subconscious,’ ‘preconscious,’ 
‘foreconscious,’ ‘superconscious,’ ‘coconscious,’ and so forth. The result of this- 
neologizing, however, has not been increased clarity, but greater confusion. More- 
over, many dissimilar sorts of behavior are still called ‘unconscious’ without any 
effort’s being made to define the various senses of this wide term. 

“This book attempts to distinguish the various meanings of the word ‘uncon- 
scious’ which have been used, and to describe and differentiate carefully the 
diverse sorts of human behavior which have been included under this term. Then 
each of the phenomena is considered at length; the clinically and experimentally 
determined facts about each one are reviewed; and an evaluation is made of the 
present state of knowledge on that specific subject. Not until this detailed study 
of each sort of unconsciousness has been made can the common aspects of them 
all be thrown into their proper light in a way that is even slightly more than 
speculative. When such a procedure is followed, however, solid bases for a 
tentative theory of unconsciousness begin to appear. Only by such an approach 
can any conclu^on be reached as to how conscious behavior is like unconscious 
and how it is different.’’ 

Unconsciousness is discussed and described in the senses commonly in use; 
there are so many that the word practically loses its usefulness as a medium to 
convey scientific ideas. The author not only shows this but brings in a wealth of.' 
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interesting material, critically evaluated, concerning such subjects^ as amnesia, 
volition, insight, attention, suppression and repression. The book is well docu- 
mented and will repay careful reading by those interested in this central theme 
of psychology and neurology. It will please no reader who rides a hobby and 
thinks he already knows the answer. 

Conceptual Thinking in Schizophrenia. By Eugenia Hanfmann and Jacob 

Kasanin. Nervous and Mental Disease Monographs, No. 67. Price S2.513. 

Pp. 115. New York: Nervous and Mental Disease Publishing Company, 1942. 

In tlie study reported in this monograph, the authors set themselves the task 
of testing Vigotsky’s theory that conceptual thinking suffers impairment in schizo- 
phrenic patients. Vigotsky’s concept formation test was used. In this test, blocks 
of various shapes, sizes and colors are presented to the subject, who is expected 
to sort them into four groups by discovering what combination of characteristics 
is indicated by nonsense words written on the backs. The subjects tested corn- 
prised 62 schizophrenic patients, 24 patients with organic disease of the brain 
(dementia paralytica and arteriosclerosis) and 95 normal controls. In analyzing 
the performance of each subject, the authors recognized three major phases: 
(1) the interpretation of the instructions ; (2) the attempts at solution, and (3) the 
finding and mastering of the correct solution. In each of these phases of per- 
formance three levels of performance were distinguished: (1) the extremely primi- 
tive, “concrete” performance ; (2) a performance in which certain aspects of 
conceptual thinking were present and others absent, and (3) the performance based 
on fully developed conceptual thinking. A quantitative method is presented for 
evaluating the performance of each subject in terms of these levels. 

The results obtained by this method of analysis of the subjects’ performance 
are reported in detail. Several of them seem of particular interest. For instance, 
a close relationship was noted between performance at the highest conceptual 
level and high educational level. To this reviewer, the authors seem, at this point, 
to overlook the opportunity for clarifying the basic question as to whether this 
relationship is not actually one between intelligence level and high performance. 
Even among the normal subjects only the college-educated group performed on 
the highest conceptual level, the noncollege normal subjects performing at the 
intermediate level. Among the college-educated schizophrenic subjects a wide 
variation of performance was found, one-third showing superior conceptual per- 
formance and another third a primitive performance that fell far below the 
average even of the uneducated normal subjects. The schizophrenic group was 
sorted out on the basis of various clinical syndromes and the level of performance 
determined for each group. Unimpaired conceptual thinking rvas found most 
frequently in the group of patients characterized by prevalence of neurotic symp- 
toms, while impairment was most evident in the groups showing (1) disturbance 
of intellectual ^ function expressed in a tendency to incoherence and irrelevance, 
(2) marked dissociation with extensive fantastic elaboration of ideas and (3) a 
paranoid-hebephrenic^ trend with dull affectivity. While these observations seem 
to indicate that impairment in conceptual thinking is not, as Vigotsky claimed, the 
central disturbance in schizophrenic thinking, although it may be found in cases 
in which the personality is grossly affected, the authors formulate their conclusions 
rather confusingly by stating that their study “confirms” Vigotsky’s thesis that con- 
ceptual thinking suffers impairment in schizophrenia. The}'' take issue witli 
\ igotsky s dichotomy of conceptual and “primitive” thinking, which they regard 
as inadequate, but do not comment on the factor of "regression,” which he stresses. 

Observations on the schizophrenic subjects and the patients with organic disease 
are compared, but the differences are less convincing. 

chapter is devoted to a discussion of the authors’ findings in the 
. °hier studies on thinking recorded in the literature. 

This study is^ provocative and stimulating and represents an interesting con- 
tribution to the literature of schizophrenic thinking. There is a list of references 
of sixty-one titles and an index. 
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The Biologic Fundamentals of Radiation Therapy. By Friedrich Ellinger. 

Price §5. Pp. 360, with illustrations. Amsterdam: Elsevier Publishing Co. 

(New York: Nordemann Publishing Company, Inc.), 1941. 

The book is divided into five parts. The first is devoted to a discussion of the 
action of roentgen rays and the gamma radiation of radium on the various tissues, 
of the body. In many instances the dose of radiation that produces a reversible 
or an irreversible reaction in the tissues is given. In the second part are described 
the corpuscular rays and their effect on the bod}\ In the third part ultraviolet 
light and its action, both direct and indirect, are discussed. Among the direct 
effects, to name but a few, sunburn and the bactericidal and antirachitic action 
of the rays arc discussed, wiu'le among the indirect effects the action of the light 
on metabolism, respiration, circulation, the blood and the endocrine glands and 
its use in the treatmenjt of tuberculosis are discussed. In the fourth part of the 
book attention is given to such subjects as the action of visible light, infra-red 
rays, the intensification of the action of light and diseases caused by light. The 
last, or fifth, part of the monograph is concerned with the theories of the effects 
of radiation, radiosensitivity, the time factor and the general principles for the 
application and dosage of radiation in therapj'. There is a valuable bibliography 
of 1,100 articles. The author and subject indexes are excellent. 

The author is conservative in the presentation of his subject matter. The book 
is an excellent one and contains an immense amount of accurate and valuable 
information for the radiologist and for the student. It is a book that every one 
who is interested in radiation therapy should own. 
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EXPERIMENTAL STUDIES ON HEADACHE 
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The relation of intracranial pressure to headache has long been a 
subject of interest, but the available experimental data are limited. 
The experimental approach to the immediate effect of drainage of 
cerebrospinal fluid as a headache mechanism has been made by only 
a few investigators.^ In contrast, the headache which so often follows 
routine lumbar puncture has been studied by many. Such headache 
has been ascribed by a minority to increased,' and by most to decreased, 
intracranial pressure.^ 

Read at the Sixty-Seventh Annual Meeting of the American Neurological 
Association, Atlantic City, N. J., June 11, 1941. 

From the New York Hospital and the Departments of Medicine, Surgery and 
Psychiatry, Cornell University Medical College. 

1. (a) Masserman, J. H., and Schaller, W. F. : Intracranial Hydrodynamics: 

Influence of Rapid Decompression of Ventriculosubarachnoid Spaces on Occur- 
rence of Edema of Brain, Arch. Neurol. & Psychiat. 30:107 (July) 1933. (&) 
Masserman, J. H,: Intracranial Hydrodynamics, Central Nervous System Shock 
and* Edema Following Rapid Fluid Decompression of Ventriculosubarachnoid 
Spaces, J. Nerv. & Ment. Dis. 80:138, 1934; (c) Cerebrospinal Dynamics, Effects 
of Intravenous Injection of Hypertonic Solutions of Dextrose, Arch. Neurol. & 
Psychiat. 35:296 (Feb.) 1936. (d) Loman, J.; Myerson, A., and Goldman, D.: 
Effects of Alterations in Posture on Cerebrospinal Fluid Pressure, ibid. 33:1279 
(June) 1935. (e) Fay, T. : New Test for Diagnosis of Certain Headaches: The 
Cephalalgiogram, Dis. Nerv. System 1:312, 1940. (/) Kasahara, M.: Experi- 

mental Study in Meningeal Irritability, Am. J. Dis. Child. 28:407 (Oct.) 1924. 

2. (a) Masserman, J. H. : Cerebrospinal Hydrodynamics; Clinical Experi- 
mental Studies, Arch. Neurol. & Psychiat. 32:523 (Sept.) 1934. (b) Balduzzi, 

M. 0.: Le comportement de la pression du liquide cephalorachidien apres la 
ponction lombaire. Rev. neurol. 1:1074, 1927. (c) Targowla, R., and Lamache, 

(Footnotes continued on next page) 
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The mechanism of the other common headache often linked with 
altered intracranial pressure, that occurring with tumor of the brain, 
has had less attention. As Northfield * emphasized, a necessary rela- 
tion between the headache and the increased intracranial pressure has 
been proved. 

With these issues in the foreground, the purposes of this investi- 
gation were as follows : 

I. To ascertain the mechanism of headache following experi- 
mental drainage of cerebrospinal fluid. 

II. To ascertain the mechanism of headache following lumbar 
puncture. 

III. To ascertain the role of intracranial pressure in the headache 
associated with increased intracranial pressure. 

I. HEADACHE FOLLOWING EXPERIMENTAL DRAINAGE 
OF CEREBROSPINAL FLUID 

A. CEREBROSPINAL HYDRODYNAMICS 

When the human subject is in a horizontal position the lumbar, 
the cisternal and presumably the intracranial (vertex) pressure are 

A.: Les accidents d’intolerance a la ponction lombaire, Presse med. 36:1111, 1928. 
(d) Guillain, G. ; Alajouanine, T., and Lagrange, H. : Hyperhemie papillaire au 
cours du syndrome d’intolerance a la ponction lombaire, Compt. rend. Soc. de biol. 
90:1025, 1924. (c) Kennedy, A. J. : Spinal Anesthesia: Clinical Experiences in 
Four Hundred and Thirty Cases and a Technique to Eliminate Post-Operative 
Headache, M. J. Australia 1:40, 1932. 

3. (a) Merritt, H. H., and Fremont-Smith, F. : The Cerebrospinal Fluid, 

Philadelphia, , W. B. Saunders Company, 1938, pp. 224-226. (b) Nelson, M. O. : 

Post-Puncture Headaches: Clinical and Experimental Study of Cause and Pre- 
vention, Arch. Dermat. & Syph. 21:615 (April) 1930. (c) Jacobeus, H. C., and 
Frumerie, K. : About the Leakage of Spinal Fluid After Lumbar Puncture and 
Its Treatment, Acta med. Scandinav. 58:102, 1923. (d) Pacifico, A.: Sui disturba 
da punctura lombare, Riv. di pat. nerv. 43:1215, 1934. (e) Ingvar, S.: On the 

Danger of Leakage of Cerebrospinal Fluid After Lumbar Puncture, Acta med. 
Scandinav. 58:67, 1923. (/) Kulchar, G. V.: Cisternal Puncture: A Survey of 
Reactions Following One Thousand Two Hundred and Forty-Six Punctures, Am. 
J. Syph., Conor. & Ven. Dis. 24:643, 1940. (p) Greene, H. M. : Lumbar Punc- 
ture and Prevention of Post-Puncture Headache, J. A. M. A. 86:391 (Feb. 6) 
1926. (/:) Heldt, iT. J., and Mohoney, J. C. : Negative Pressure in Epidural 
Space, Am. J. M. Sc. 175:371, 1928. (t) Sheppe, W. M. : Relation of Negative 
Pressure in Epidural Space to Post-Puncture Headache, ibid. 188:247, 1934. 
(/) MacRobert, R. G. : The Cause of Lumbar Puncture Headache, J. A. M. A. 
70:1350 (May 11) 1918. (Ji) Solomon, H. C.: Raising Cerebrospinal Fluid 
Pressure with Especial Regard to Effect on Lumbar Puncture Headache, ibid. • 
82:1512 (May 10) 1924. (/) Alpers, B. J.: Lumbar Puncture Headache, Arch. 
Neurol. & Psychiat. 14:806 (Dec.) 1925. (m) Perkel, J. D.: Des accidents 

secondaires qui suivent la ponction lombaire, Presse med. 33:1320, 1925. 

4. Northfield D. W. C. : Some Observations on Headache (Hunterian Lec- 
ture, Abridged), Brain 61:133, 1938. 
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equal and approximately 50 to 180 miii. of water, but when the subject 
is erect these pressures diverge. Because the intracrauiospinal cavit}'' 
is not a completely rigid tube, the lumbar pressure then rises to between 
375 and 550 mm., which brings the top of the fluid in the manonieter 
near or slightly below the level of the cisterna magna.*’ The cisteinal 
pressure when the subject is in the erect position rests at a low level, 
noted to be slightly negative in dogs “ and human beings • and mea- 
sured by one observer as + 40 to — 85 in man.®*' It was suggested 
by Fremont-Smith and Kubie that in the erect human subject the 
“intracranial” pressure is — 150 to — 300 mm. The depression noted 
OA’er the open fontanel in infants who are placed in the erect position 
supports this contention. 

Studies of venous pressure have shown that with postural shift 
changes occur which parallel those in the cerebrospinal fluid. Weed 
and Hughson^ demonstrated that the intracranial cerebrospinal fluid 
pressure in animals is slightly greater than the venous pressure as 
measured in the sagittal sinus. In human beings, also, Myerson and 
Loman ° showed that with the subject in the horizontal position the 
lumbar pressure is slightly greater than the jugular pressure, and that with 
tilting of the body head up to an angle of 45 degrees the lumbar pressure 
rises to between 200 and 270 mm., whereas the jugular pressure falls 
to zero or lower; reverse changes occur when the patient is tilted head 
downward. Von Storch and co-workers correlated such changes in 
the venous and the cerebrospinal fluid pressure, postulating that in the 
erect subject the rise in lumbar fluid pressure represents the trans- 
mission via distended intraspinal veins of the hydrostatic effect of the 
column of blood in the venous channels up to the level of the auricles. 
Since bilateral jugular compression led to as great an increment in 
lumbar pressure when the subject was erect as when he was horizontal, 

5. (a) Loman, J. ; Components of Cerebrospinal Fluid Pressure as Affected 

by Changes in Posture, Arch. Neurol. & Psychiat. 31:679 (March) 1934. (b) 

von Storch, T. J. C. ; Carmichael, E. A., and Banks, T. E. : Factors Producing 
Lumbar Cerebrospinal Fluid Pressure in Man in the Erect Posture, ibid. 38:1158 
(Dec.) 1937. (c) Loman, Myerson and Goldman.^*^ 

6. Duane, W. ; Lewis, R. M., and Ravdin, I. S. ; Cerebrospinal Fluid Pressure 
During Alterations in Posture, Arch. Neurol. & Psychiat. 24:1291 (Dec.) 1930. 

7. (fl) A}^er, J. B. : Cerebrospinal Fluid Pressure from the Clinical Point of 
View, A. Research Nerv. & Ment. Dis., Proc. (1924) 4:159, 1926. (&) Fremont- 
Smith, F., and Kubie, L. S. : Relation of Vascular Hydrostatic Pressure and 
Osmotic Pressure to the Cerebrospinal Fluid Pressure, ibid. (1927) 8:104, 1929. 

8. Weed, L. H., and Hughson, W. : Intracranial Venous Pressure and Cerebro- 
^inal Fluid Pressure as Affected by Intravenous Injection of Solutions of Various 
Concentrations, Am. J. Physiol. 58:101, 1921. 

9. Mj^erson, A., and Loman, J. ; Internal Jugular Venous Pressure in Man, 
.•\rch. Neurol. & Psychiat. 27:836 (April) 1932. 
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they asserted that the state of filling of the intracranial veins is unaf- 
fected by the change in posture. Working with model systems and 
animals, Pollock and Boshes reached similar conclusions. 

The essential relationship between the venous and the cerebrospinal 
fluid pressure within the cranium has been summarized by Weed and 
Flexner as follows : 

The pressure-equilibrium between cerebral veins and the cerebrospinal fluid 
[is] that of an elastic membrane separating two fluids which are normally under 
almost identical pressures but which can exist under very different pressures. 

Alteration in the size of the dural envelope with postural shifts has 
been suggested as another factor in cerebrospinal dynamics.^- There 
is no direct evidence concerning the extent of such change. The dura 
appears to be well cushioned and protected from collapse, except per- 
haps where it underlies the atlanto-occipital membrane and where it 
surrounds the A'^essels and nerves emerging from the skull or the spinal 
column. 

From these several data the following formulation seems tenable. 
In adjustments made to changes in posture, the cerebrospinal fluid 
pressure follows closely the venous pressure as measured at the same 
level in the intracraniospinal system. When the human subject is 
erect, both the venous and the cerebrospinal fluid pressure within the 
cranium fall to negative values, while the lumbar pressure rises. The 
height of the rise in lumbar pressure will depend on the height of the 
venous column above the lumbar sac, that is, on the length of the sub- 
ject. The zero point lies usually a little above the auricles of the heart 
and below the cisterna magna. During postural changes the state of 
distention of intracranial veins is essentially unaltered, for the equilib- 
rium between intravascular and extraA^ascular pressure is maintained. 

This balanced relation between the venous and the cerebrospinal 
fluid pressure in the cranium in spite of changes in position may be 
diagramed, as in figure 1. For simplification, the slight excess of 
intracranial cerebrospinal fluid pressure over venous pressure is here 
waived. 

A method by which intracranial pressure can be estimated is illus- 
trated in simplified form by a model of the cerebrospinal fluid system 
(fig. 2). Like its analogue in man, it represents a compromise between 
a completely closed and a completely open system. A rubber dia- 

10. Pollock L. J., and Boshes, B. ; Cerebrospinal Fluid Pressure, Arch. Neurol. 

& Psychiat. 36:931 (Nov.) 1936. 

11. Weed, L. H., and Flexner, L. B.: Relations of the Intracranial Pressures, 
Am. J. Physiol. 105:266, 1933. 

12. Weed, L. H. : Experimental Studies of Intracranial Pressure, A. Research 
Nerv. & Me’nt. Dis., Proc. (1927) 8:25, 1929. 
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phragm, arbitrarily placed at the top, represents the distensible ele- 
ments, venous and meningeal, in the human subject. In the typical 
situation shown in figure 2 A, when the model was ei ect, the total 

* FRFTT horizontal. 



Fig. 1. — Representative normal values for intracranial venous and cerebrospiiial 
fluid pressures in man in the erect and in the horizontal position, illustrating that the 
balance between the intravascular and the extravascular pressure is probably little 
affected by change in position. The venous pressures are estimates derived from 
published measurements of sagittal sinus pressures in animals and jugular venous 
pressures in man. 



B 



NCEOLE TO VERTEX DISTANCE = 
AB=AC SIN 45° 

VERTEX PRESSURE 
= LUMBAR PRESSURE-AB 
= L P-AC SIN 45® 

= 290-600 SIN 45® 

= —134 MM 


Fig. 2. ^ Simplified model of the cerebrospinal fluid system, illustrating the method 
0 calculation of intracranial pressure at the vertex in man. A, for the subject in 
the erect position; B, for the subject in the tilted position. 


height of the fluid column was 600 mm.; yet the ‘flumbar” pressure 
was 440 mm. The point on the same horizontal level as the meniscus 
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in the manometer, repi'esenting in man a point a little below the cisterna 
magna, must have a pressure of zero. This was confirmed in the model 
by opening the stopcock at S; there was then neither entrance of air 
nor escape of fluid. And, finally, the “intracranial” pressure at the 
vertex must be negative, and to a degree equal to its vertical height 
above the zero point, or — 160 inm. The pressure at the vertex of 
the model by actual measurement was found to be identical with the 
calculated value. In short, in this model and in the human subject, 
the vertex pressure is equal to the lumbar ijressure minus the distance 
from needle to vertex. 

IVhen the model was tilted, the A^ertical distance from needle to 
vertex was calculated in terms of the angle of tilt, which could readily 
be measured. It is clear from figure 2B that AB = AC X sin angle, 
and that therefore in the instance shown, with the lumbar pressure 
290 mm., the vertex pressure equals the lumbar pressure — AB, or 
290 — 600 sin 45 degrees, or — 134 mm. In the human subject similar 
deductions concerning r^ertex pressure should be possible provided the 
lumbar pressure, the angle of tilt and the distance between the lumbar 
needle and the vertex are known. 

B. urETiioo 

Spinal manometric studies were carried out on 11 adult human 
subjects. Five were females and 6 were males. All were between the 
ages of 18 and 60 years. In none was there disease of the brain, cord 
or meninges which could conceivabl)'^ complicate the interpretation of 
the experimental results. Lumbar pressure with the subject in the 
horizontal position was alwaj^s normal (45 to 150 mm.). In most of 
the experiments the subject lay on his left side on a specialty con- 
structed tilt table, with his thighs flexed in sitting posture and his_ 
head supported in the midline of the body. Lumbar puncture was 
performed between the third and the fourth lumbar vertebra in the 
usual manner with the use of anesthesia induced with 1 per cent pro- 
caine hydrochloride. A no. 19 needle and a 1 mm. glass manometer 
were used. Observations were made on cerebrospinal fluid pressures 
at the lumbar sac at various angles of tilt before and after headache 
had been induced by free drainage of measured amounts of cerebro- 
spinal fluid. The distance from needle to vertex and the angle of tilt 
were measured directly. The vertex pressure, taken as representative 
of the intracranial pressure, was calculated as described in the preced- 
ing section. 

In the experiments in which controlled elevation of intracranial 
pressure was desired, a flask of physiologic solution of sodium chloride 
was connected by a rubber tube to the lumbar needle. The fluid level 
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of the flask, first placed on a level with the needle before the rubbei 
tube was undamped, was then raised slowly to various measured 
heights. 

Preliminary in vitro tests with the apparatus demonstrated that the 
lumbar punctui’e needle was capable of transmitting the fluid quickly 
in the range of pressures encountered. For example, at 200 mm. pres- 
sure, 10 cc. of fluid was delivered through the needle in forty-two 
seconds, and at 800 mm., in eighteen seconds. Moreover, the assump- 
tion that these changes in pressure were rapidly transmitted from the 
lumbar to the intracranial spaces seems justified by the experiences 
reported with headache induced by histamine.^® In subjects with such 
temporary headache, elevation of intracranial pressure by this technic 
caused cessation of the headache beginning in fifteen to ninety seconds. 
Rapid transmission of pressure changes from the lumbar sac to the 
cranium has been shown also in cadavers.^* 

The 1 mm. glass water manometer was considered sufficiently accurate 
for this study, for it has been shown that pressures measured with this 
instrument do not vary greatly from those obtained with a bubble 
manometer, in which no dislocation of fluid occurs.^® Within the pres- 
sure range handled in these experiments the quantities of fluid entering 
the manometer were insignificant. As confirmed b)^ measurement, 
0.28 cc. was equivalent to each 100 mm. on the manometer scale. 
Pollock and Boshes noted that as the limits of pressure change of 
the intracraniospinal system are approached, the addition or removal 
of small amounts of fluid may be accompanied by large changes in 
pressure, but in our experiments this was not a point at -issue.^° 

Another potential source of error, leakage of fluid around the needle 
from the subarachnoid to the epidural space, was observed occasionally 
by Ferris^® in an extensive study of cerebrospinal hydrodynamics. 
This may have occurred in our studies. .But such leakage was probably 
small, for the lumbar pressures were not high. Moreover, although 
inferences concerning the amounts of fluid removed must be qualified 
because of the possibility of hidden leakage, the observations regarding 
pressures are unaffected by such a possibility. 

The pressure readings were, however, complicated by inevitable 
variations in the degree of relaxation of the subjects, variations which 

13. Schumacher, G. A., and Wolff, H. G. : Experimental Studies on Head- 
ac le . ^ Contrast of Histamine Headache with Headache of Migraine and That 
Associated with Hypertension, Arch. Neurol. & Psychiat. 45:199 (Feb.) 1941. 

14. Masserman, J. G., and Schaller, W. F. : Intracranial Hydrodynamics: 
Experiments on Human Cadavers, Arch. Neurol. & Psychiat. 29:1222 (June) 1933. 

15. Weed, L. H.; Flexner, L. B., and Clark, J. H.: Effect of Dislocation of 
Cerebrospinal Fluid upon Its Pressure, Am. J. Physiol. 100:246, 1932. 

16. Ferris, E. B.: Objective Measurement of Relative Intracranial Blood 
blow in Man, Arch. Neurol. & Psychiat. 46:377 (Sept.) 1941. 
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were reduced as far as possible by reassurance and by attention to pos- 
tural comfort. To minimize the factors that arose from the subject’s 
reaction to the situation, tlie measuring apparatus was placed out of 
his range of vision. The subject was made aware of the general nature 
of the experiment but was isolated as far as possible from knowledge 
of when each of the various steps in the manometric studies was under- 
taken. It should be stated, also, that because of possible inaccuracies 
in linear and angle measurements, the calculated figures for intracranial 
(vertex) pressures must be considered as only crude estimates of the 
actual pressures. 


Maiiomcfric Data on the Cerebrospinal Fluid of Eleven Subjects* 


Subject 

L. P., 

Horizontal 

Position, 

3Im. 

L. P., 

Erect 

Position, 

31m. 

X-V 

Distance, 

3Im. 

V. P., 
Erect 
Position, 
3Im. 

Headache 

V.P., 

31m. 

Volume, 

Cc. 

F. G. 

70 

500 

030 

—130 

— 2S0 

19 

G. F. 

70 

445 

600 

— 155 

—240 

15 

H. S. 

125 

m 

620 

—ISO 

—230 

IS 

E. W. 

45 

425 

590 

— 165 

—215 

10 

W. 0. 

SO 

475 

670 

—195 

—330 

19 

K. 0. 

125 

♦ . . 

OSO 

» . • 

— 2S0 

IS 

31. H. 

60 

... 

030 

» . * 

— 2S0 

15 

L. J, 

. , 

460 

690 

—ISO 

—220 

19 

S. J. 

, . 

010 

640 

— SO 

—140 

C.1S 

j.n. 

, , 

510 

630 

—140 

—270 

17 

A. 31. 

•• 

423 

630 

—205 

—320 

24 


* L. F. indicates tlie initial lumbar pressure; V. P., tbe estimated initial vertex pressure; 
X-V, tbe distance between lumbar needle and vertex; beadacbo V. F., tbe vertex pressure at. 
which drainage headache first was noted, and volume, the quantity of cerebrospinal fluid 
drained before headache was noted. 


C. fiESULTS 

1. Induction of Headache in Erect Subjects by Drainage of Cerebro- 
spinal Fluid. 

Observatiom. — With the subject erect, headache was regularly 
induced in 11 subjects by free drainage of approximately 20 cc. of 
cerebrospinal fluid. The calculated vertex pressure, initially between 

130 and — 205 mm. in all but 1 subject, fell progressively as the 

fluid was removed, and when the drainage headache first was noted 
was between — 200 and — 290 mm. The data are summarized in the 
table. 

The headache when first induced was described as of the vertex or 
frontal type by all' but 1 subject, in whom it was occipital. After fur- 

17. For the sake of brevity the headache e.xperimentally induced in this way- 
will be referred to hereafter as “drainage headache.” The headache which some- 
times is a delayed sequela of routine diagnostic lumbar puncture will be termed 
“postpuncture headache.” 
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ther drainage the headache not only always increased in severity but 
usually spread to involve most of the head. It was dull and deep and 
was not throbbing. In several subjects it was accompanied by sweat- 
ing, pallor and nausea. Its intensity was sharply increased by shaking 
of the head, either in a rotary or in a backward and forward direction. 

For purposes of analysis, the intensity of the pain was described 
by the subject on an arbitrary scale of 1 to 10 plus. A typical response 
is presented in figure 3. In this instance (subject G.F.) drainage of 
15 cc. of fluid induced a fall of vertex pressure from — 155 to — 240 
mm., slight bifroiital headache being noted at the latter pressure. 


SUBJECT ERECT 



DRAINAGE OF C S F 


LUMBAR VERTEX 
+600 0 - 


O 



TIME IN minutes 

Fig. 3. — Induction of headache with subject in the erect position by drainage of 
cerebrospinal fluid. The intensity of the headache was described by the subject 
on a scale of 1 to 10 plus. Slight bifrontal headache was first noted after 15 cc. 
of fluid had been removed and became moderately severe after the removal of an 
additional 6 cc. 

In this figure and in figures 4, 6, 8, 11, 12 and 13 the lumbar pressure is- 
indicated by a solid black line and the estimated vertex pressure by a broken line. 

Comm-enf . — Most of this group of adults responded in a similar- 
way to this test procedure. In general the more negative vertex pres- 
sures obtained when the subject was in the erect position were found, 
in the taller persons, i. e., those with the longer needle-vertex distances. 
In most subjects the vertex pressures at which drainage headache was- 
first noted were similar. The quantities of fluid removed before head- 
ache occurred were predictable They represented approximately 10 per 
cent of the estimated total volume of cerebrospinal fluid. 
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2. Elimination of Drainage Headache by Restoration of Cerebrospinal 
Fluid Volume. 

Observations . — In 4 subjects in the erect position, after headache 
iiad been induced by drainage of cerebrospinal fluid, physiologic solu- 
tion of sodium chloride was injected intrathecally by the technic out- 
lined in a previous section. When the pressure was raised to the initial 
level of lumbar pressure or higher, the headache in each case progres- 
sivel}^ diminished, being completely eliminated in two to four minutes. 
The lag in reduction of headache was shortened by elevation of the 
pressure to abnormally high levels, as illustrated in figure 4. In the 
subject (G.F.) in the experiment illustrated in this graph drainage was 


SUBJECT CRKT 




ORAINACC CteVAroN 

c s r or pressure 


LUViaAP VERTEX 
+ 800 - + 200 - 


o^teoo- 

X 


W ^00^ 


’ + 200 - 



s* 

3 * 

1 + 

0 - 

I 

0 

Fig. 4. — Elimination of drainage headache by intrathecal injection of saline 
solution. Under measured pressure, with the subject erect, physiologic solution 
of sodium chloride was injected through the lumbar needle during the two inter- 
vals shown. 



TIME IN MINUTES 


continued until 25 cc. was released and headache of moderately severe 
degree was present. The introduction of physiologic solution of sodium 
chloride, raising the pressure to the previous normal level of 445 mm. 
(lumbar) and — 155 mm. (vertex), eliminated the headache in three 
and a half minutes. On a second trial, elevation of the pressure to a 
high level of 780 mm. (lumbar) and 180 mm. (vertex) eliminated a 
milder headache in one minute. 

Comment . — The short delay in reduction of intensity of the head- 
ache when the pressure was returned to normal probably resulted from 
a lag in transmission of the added fluid to the intracranial cavity. Apart 
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from this delay, drainage headache can be varied in intensit}- in a pre- 
dictable way by the removal or the restoration of cerebrospinal fluid. 

On the basis of the data thus far presented it is convenient to intro- 
auce at this point a hypothesis concerning the mechanism of the head- 
ache associated with removal of cerebrospinal fluid. The brain normally 
exerts traction on the structures v/hich support it within the cranium, 
and this traction may under certain conditions be augmented enough 
to cause pain. The argument supporting this statement is as follows; 

(a) Within the dura mater the brain lies almost entirely sur- 
rounded by cerebrospinal fluid, being thus cushioned against sudden 
movement and protected from excessive sliding contact with the dura. 
It is not, however, supported entirely by the medium in which it is 
immersed, as comparison of the densit}' of the solid and that of the 
liquid will indicate. Data concerning the densit}' of the human brain 
are scant}*, but Yierordt^® cited, from two separate sources, figures 
for the specific gravity as 1.039 and 1.040. The specific gravit}* of 
cerebrospinal fluid, more readily obtained, is commonly given as 1.007 
to 1.008.^° In observations on a single specimen of material obtained 
eight hours post mortem, with a modification of the Hammerschlag 
technic, we found that the specific gravity of sections of cerebrum and 
cerebellum was 1.041 at room temperature. A sample of spinal fluid 
from another subject had a specific gravity of 1.007. 

The weight of the normal adult brain varies within moderate limits, 
but averages 1,300 Cm.-^* It may then be derived that a 1.300 Gm. 
brain with a specific gravity of 1.040 immersed in fluid with specific 
gravity of 1.008 would have a net weight of 41 Gm. The weight of 
the spinal cord, about 30 Gm.,-^ with a specific gravity of 1.030,^® is 
relatively so small that it can be disregarded in these considerations. 
In the example cited here the extra 41 Gm. of brain weight must be 
supported within the cranium by something more than the buoyant 
effect ot the cerebrospinal fluid. It is probable that this moderate 
weight is shared by suspension from the vault above and by support 
from structures at the base below. Suspension from above is probably 
largely through the cerebral veins tributary to the superior sagittal 
sinus, with a smaller contribution through the cerebellar veins tributar}* 
to the transverse and the straight sinuses. Supporting the brain from 

18. t ierordt, H. ; Anatomische, physiologische und physikalische Daten und 
Tabellen. Jena, Gustav Fischer. 1905, pp. 59 and 449. 

19. VierordL-s yterritt and Fremont-Smith.^a 

20. Appel, F. W., and Appel, E. M.: Intracranial Variation in the Weight oi 
the Human Brain, Human Biol. 14:48, 1942. 

21. Gray, H. : Anatomy or Human Bodj', ed. 22, Philadelphia. Lea & Febieer 

1930 . p. 749 . ■ ’ 
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below, in addition to the floors of the anterior, middle and posterior 
fossae, are the tentorium cerebelli and the large vascular structures at 
the base, chiefly the circle of Willis and its immediate branches. The 
relative contribution of each of these structures to the support of the 
brain is entirely conjectural. The relations of some of these structures 
and the direction of stress when the subject is in the erect position are 
outlined diagrammatically in figure 5 A and B. 

(b) These various anchoring vascular structures have been shown 
to be sensitive to pain when, on operative exposure, they are stimulated 



Fig. 5. — Pain-sensitive structures sharing in the support of the brain within the 
cranium of the subject when in the erect position. A, coronal section through 
the head at the middle fossa, showing the venous tributaries to the superior 
sagittal sinus and the circle of Willis. The inferior sagittal sinus is omitted 
because its tributaries are so few. B, coronal section through tire posterior third 
of the head, showing the veins tributary to the superior sagittal, straight and 
transverse sinuses. 

by distortion or traction.^^ Pain arising from structures on or above 
the superior surface of the tentorium cerebelli has been shown to be 

22. (a) Fay, T. : Mechanism of Headache, Arch. Neurol. & Psychiat. 37:471 
(Feb.) 1937. (b) Ray, B. S., and Wolff, H. G. : Experimental Studies on Head- 
ache; Pain-Sensitive Structures of the Head and Their Significance in Headache, 
Arch. Surg. 41:813 (Oct.) 1940. (c) Penfield, W., and McNaughton, F. L.; 

Dural Headache and Innervation of Dura Mater, Arch. Neurol. & Psychiat. 
44:43 (July) 1940. 
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transmitted by the fifth cranial nerve and referred to the anterior half 
of the head. Pain arising from structures on or below the inferior 
surface of the tentorium cerebelli is transmitted chiefly by the nintli 
and tenth cranial nerves and the upper three cervical nerves and is 
referred to the posterior half of the head. Such observations indicate 
that the basic mechanisms of headache involve traction on these major 
intracranial vessels or on the cranial and upper cervical nerves which 
carry pain fibers, as well as dilatation of intracranial arteries or inflam- 
mation about any of these pain-sensitive structures of the head.^"'' 

An effective demonstration of the sensitivity to pain of the struc- 
tures which anchor the brain is provided by the simple device of vigor- 
ous head shaking. By either rotary or backward and forward shaking 
a monetary, but clearcut, headache can be induced in many normal 
subjects. As was noted previously, the same procedure applied to a 
subject with drainage headache caused a sharp increase in the intensity 
of the pain. 

(c) The mechanical adjustments which take place within the cranio- 
vertebral spaces of the erect human subject when cerebrospinal fluid 
is removed have never fully been analyzed. The problem indeed is 
not readily accessible to direct study. That some adjustments must 
occur cannot be denied, and that they are complex is probable.’-- 

One basic fact concerning the adjustment is that the lumbar and 
the intracranial cerebrospinal fluid pressure fall with removal of fluid. 
Since the intracraniospinal venous pressure is probably essentially 
unchanged by drainage of fluid, the intravascular and the extravascular 
pressure are then no longer in balance. Also, since veins are thin 
walled and, within moderate limits, passively adjust to the pressures 
within and about them, it may be inferred that dilatation of veins within 
the cranium and the spinal canal occurs. If the walls of the veins 
offered no resistance to distention, venous dilatation could completely 
compensate for a moderate loss of fluid and the intracranial pressure 
would remain unaltered, but because of their elasticity the compensa- 
tion is incomplete. Accordingly, the intracranial cerebrospinal fluid 
pressure slowly falls when fluid is removed. Arterial size is much less 
dependent on extravascular support than is venous size, and whatever 
dilatation in the arteries may occur is largely active, rather than 
passive.^^ 

Evidence that venous dilatation does occur after drainage of cere- 
brospinal fluid has been recorded by Forbes and Nason.^* Direct 
observations through cranial windows in cats revealed that after removal 

23. Wolff, H. G. ; The Cerebral Circulation, Physiol. Rev. 16:545, 1936. 

24. Forbes, H.. S., and Nason, G. I.: The Cerebral Circulation; Vascular 
Responses to (A) Hypertonic Solutions and (B) Withdrawal of Cerebrospinal 
Fluid, Arch. Neurol. & Psychiat. 34:533 (Sept.) 1935. 
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of fluid through the cisterna magna the pial veins and venules dilated 
moderately, whereas the pial arteries did not. In addition, the bulk 
of the brain appeared to increase sliglitly, for its surface approached 
nearer the window. Confirmation of such venous dilatation and 
increased bulk came with the further observation by these authors that 
after the readjustment had occurred, the fluid removed could not be 
reinjected intrathecally without the pressure’s being raised well above 
its initial level. The latter maneuver has been repeated on human sub- 
jects, with similar results.-® 

((/) Another possible mechanical effect of the removal of cerebro- 
spinal fluid from the subject in the erect position is that such a pro- 
cedure may directly increase the degree of traction by the brain on the 
structures which suspend it from above and support it from beneath. 
There are no data or experimental methods to guide an exploration of 
this possibility. Yet it may be reasoned that the drainage of fluid from 
the lumbar sac and the consequent lowering of the intracranial pres- 
sure need have no direct effect on the support requirements of the 
brain. As fluid is removed and the venous bed dilates in partial com- 
pensation for the loss, the brain itself probably becomes slightly heavier. 
But since at the same time it increases in volume, the change in its 
density is minor, for the additional blood brought to the brain has a 
specific gravity of 1.060.^® Moreover, although the thickness of the 
layer of cerebrospinal fluid enveloping the brain may thus become less, 
the brain must still be virtually completely immersed in the fluid, for 
the brain case remains a closed box except for the distensible vascular 
bed. The increase in the “net” weight of the brain following drainage 
of fluid may thus be so slight as to be insignificant. 

When air is introduced to replace lost cerebrospinal fluid, as in the 
pneumoencephalographic procedure, the situation pictured here is radi- 
cally different. As fluid is progressively replaced by air, the buoyant 
support of the brain is diminished; its “net” weight increases from 
approximately 40 to 1,300 Gm., and traction on anchoring structures 
is augmented to such a degree that intense pain results. The severe 
headache induced during pneumoencephalographic examination may in 
part be explained on this basis.^^ However, to repeat, no such series 
of circumstances follows simple drainage of cerebrospinal fluid. 

25. Masserman and Schaller.ia Masserman.s" 

26. Hawk, P. B., and Bergeim, O.: Practical Physiological Chemistry, ed. 10, 
Philadelphia, P. Blakiston’s Son & Co., 1931, p. 374. 

27. Elsberg, C. A., and Southerland, R. W.: Headache Produced by Injection 
of Air for Encephalography, Bull. Neurol. Inst New York 3:519, 1934. Brewer, 

E. D. : Etiology of Headache, 'Occurrence and Significance of Headache During 
Ventriculograph 3 % ibid. 6:12, 1937. von Storch, T. J. C. ; Secunda, L., and 
Krinsky, C. M.: Production and Localization of Headache with Subarachnoid 
and Ventricular Air, Arch. Neurol. & Psj'chiat. 43:326 (Feb.) 1940. 
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This analysis indicates that the downward sag of the brain prob- 
ably is not strikingly altered by drainage of moderate amounts of cere- 
brospinal fluid. Yet the presumptive increase in brain volume following 
drainage may itself effect increased traction on anchoring structures, 
and in a manner distinct from the downward sag of the brain due to 
gravity. Merely because of the expansion of the brain, the veins which 
course obliquely over the convexities to join the large sinuses may be 
subjected to an augmented tug. Also, painful displacement of the 
vascular structures at the base may similarly result. 

Hence, two potential factors in the production of drainage headache 
have become apparent in the preceding discussion: 1. Granted that 
intracranial venous dilatation follows removal of cerebrospinal fluid, it 
may be inferred that such dilatation may cause pain, at least in those 
veins which in the erect subject are already under constant longitudinal 
traction by the brain mass. In other words, distention of an anchoring 
vein joined with lengthwise puli by the brain may distort the wall of 
the vein to such a degree that headache results. 2. The increase in 
brain volume secondary to extensive venous dilatation may conceivably 
produce such distortion of anchoring structures above and at the base 
that headache is produced. 

In recapitulation, then, it is suggested that a fall in intracranial 
pressure following the removal of cerebrospinal fluid in the erect human 
subject leads both to intracranial venous dilatation and to an increase 
in the usually mild and painless traction by the brain on its anchoring 
structures. With regard to the veins over the top of the cerebrum and 
cerebellum anchoring these to the superior sagittal, straight and trans- 
verse sinuses, the two factors may act in combination. Drainage head- 
ache may thus be considered to be traction headache, with traction on 
dilated veins of primary importance. 

It is to be noted that the absolute level of intracranial pressure is 
not an essential consideration in such a hypothesis. Although the 
experiments thus far described with the subject in the erect position 
appear to indicate a rigidly direct relation of drainage headache to 
lowered intracranial pressure, changes in position of the subject on 
the tilt table and the application of jugular compression demonstrated 
effects which qualified this relationship. The results, as reported in- 
the following sections, support the concept of a traction mechanism of 
drainage headache previously outlined. It is evident that if the subject 
it tilted after drainage headache has been induced, the vertex pressure 
can be raised to the “normal” for the subject in the erect position. 
At the same time, (1) the intracranial venous pressure can be raised 
and the balance between the intravascular and the extravasculav pres- 
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sure varied, and (2) such traction by the brain as may exist under the 
influence of gravity can be altered both in direction and in degree. In 
this way the two factors in our thesis, venous dilatation and traction 
Tjy the brain, can be dissociated from lowered intracranial pressure 
per se. The analyses follow later. 


3. Lack of Dependence of Drainage Headache on Lowered Intracranial 
Pressure. 

Obsei-vations . — If the subject was tilted from the erect position, 
drainage headache could be induced at a vertex pressure less negative 
than that which occurred normally when the subject was erect and free 
from headache. As shown in figure 6, when the subject (E.W.) was 
•erect, the calculated vertex pressure was — 165 mm. With drainage. 
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Fig. 6. — ^Drainage headache induced in subject in the tilted position at a vertex 
pressure less negative than that which was normal when the subject was erect 
and free from headache. The graph demonstrates that drainage headache is inde- 
pendent of the absolute level of vertex pressure. There was no headache at a 
vertex pressure of — 165 mm. when the subject was erect at the onset of the 
experiment. When the patient was tilted at an angle of IS degrees to the hori- 
zontal (thirtj’^-eight minutes later) headache was induced by drainage at a vertex 
pressure of — 113 mm. 


bifrontal headache began at a vertex pressure of — 215 mm. After 
further drainage, tilting to an angle of 15 degrees to the horizontal 
eliminated the headache. Then the further removal of 10 cc. of fluid 
induced headache again, this time at a vertex pressure of only — 113 
mm. In 2 other subjects (M.H. and H.S.) similar results were 

obtained. 

Cornment. In the experiment cited, the subject was symptom free 

when erect, with a normal vertex pressure of 165 mm. Yet after 
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fluid was removed and the patient tilted to an angle of 15 degrees to 
the horizontal, headache occurred with a vertex pressure somewhat 
higher, i. e., — 113 mm. The estimated intracranial venous pressure 
with the patient at this angle of tilt was approximately zero. It may 
be inferred, therefore, that the intracranial veins dilated to such a 
degree that even though the downward traction sag of the brain was 
partly relieved by the tilting, the distortion of the anchoring veins was 
sufficient to produce pain. The degree of headache bore no direct rela- 
tion to the absolute level of intracranial pressure. The postulated rela- 
tions between headache and intracranial mechanics in this subject are 
illustrated in simplified form in figure 7. The diagrams emphasize the 
effect which removal of cerebrospinal fluid probably has in altering the 
normal balance between the pressure inside and that outside the intra- 
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Fig, 7, — Diagram of venous dilatation as part of mechanism of drainage head- 
ache, with reference to the results of the experiment shown in figure 6. Distention 
of the pain-sensitive veins tributary to the superior sagittal sinus (or straight or 
transverse sinuses) follows drainage of fluid. This augments the traction on these 
veins by the brain, which they partly support, and leads to headache. For the 
purpose of simplification, the effect of an increase in brain bulk as a second 
factor in increasing the traction is omitted from consideration here. 


cianial veins. To aid in the clarity of the diagrams, increase in brain 
bulk secondary to drainage, a second factor in augmenting traction on 
anchoring structures, is omitted from consideration. 

In another experiment, the relative lack of dependence of drainage 
headache on intracranial pressure was shown in a different way. When 
the patient was tilted, drainage headache was almost eliminated at a 
vertex pressure even more negative than that at which moderate headache 
had been present when the subject was erect. 
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Observation . — As shown in figure 8, after drainage when the subject 
(H. S.) was erect, headache began at a vertex pressure of — 230 mm. 
Later, after more fluid was removed and the subject was tilted to an 
angle of 40 degrees to the horizontal, the vertex pressure was — 235 mm. 
and shortly thereafter — ^248 mm.; yet the headache was almost 
eliminated. 

Comment . — It may be assumed that as this subject was tilted the 
diminution of downward traction by the brain thus effected was suffi- 
cient to reduce the pain stimulus. Even though the intracranial veins 
undoubtedly remained dilated, the sag on them in this instance became 
so slight that the. headache was reduced in intensity. 


SLejECT ERECT SUBJECT T|i TED 



TIME IN MINUTES 

Fig. 8. — Drainage headache reduced in intensity at a vertex pressure more nega- 
tive than that at which moderate headache had been present when subject was 
erect. In contrast to the experiment illustrated in figure 6, in which drainage 
headache was induced even though the vertex pressure was higher than normal 
here, by tilting the subject, drainage headache was decreased in intensity in spite 
of a fall in vertex pressure subsequent to further drainage. This result, again, 
demonstrates that headache of this type is independent of the absolute level of 
vertex pressure. 

4. Prompt Response of Drainage Headache to Small Changes in Angle 
OF Tilt and Intracranial Pressure. 

Observations . — In 4 subjects it was found that the intensity of the 
drainage headache changed relatively .rapidly in response to small changes 
in angle of tilt and in pressure. In the instance in which this was most 
clearly evident, headache induced by drainage while the subject (H. S.) 
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•was erect was rapidly reduced by tilting him to an angle of 40 degrees, 
whereas it recurred when the angle of tilt was 45 degrees, the corre- 
sponding vertex pressures being — 235 and — 270 mm. With repeated 
shifts between these two positions the headache came and went in pie- 
•dictable sequence, the time lag being less than thirty seconds. 

These results are consistent with a mechanical origin of 
•drainage headache. In the experiment cited it is probable ^ that the 
•direction and degree of traction by the brain, and perhaps also the degree 
of distention of anchoring veins, rested at a "critical” level. Under these 
■conditions headache could be made to come or go with slight alterations 
in traction. 

5. Increase in Intensity of Drainage Headache During Jugular Com- 
pression. 

Observations . — In a total of 5 trials on 4 subjects (H. S., S. J., A. 
M. and J. D.) drainage headache was moderately increased in intensity 
during bilateral jugular compression for ten to fifteen seconds. In each 
trial the cerebrospinal fluid pressure rose between 22 and 110 mm. The 
headache, frontal in type, was increased moderately without change in 
location. 

In 1 subject (K. O.) jugular compression for ten seconds caused 
hifrontal and occipital drainage headache of moderate degree to be 
eliminated completely for one and a half minutes. During the com- 
pression the vertex pressure rose 130 mm. to reach — 250 mm. A sixth 
•subject (W, O.) noted no change in headache during or after jugular 
■compression for twenty-five seconds, with a 160 mm. rise in vertex 
pressure to reach — 160 mm. 

Comment . — ^That intracranial veins are distended by jugular com- 
pression is well known and is the basis of the Queckenstedt test. The 
increase in drainage headache usually accompanying this procedure 
undoubtedly represents the effect of additional distortion of pain- 
sensitive anchoring veins, which are already dilated and under traction 
h}’- the brain. The arteries are not affected by jugular compression, since 
the increase in intracranial venous pressure is not transmitted back to 
the arterial tree. Moreover, it will be recalled that jugular compression 
actually reduces the intensity of the headache induced by arterial dilata- 
tion after intravenous injection of histamine.-® 

28. (a) Pickering, G. W. ; Experimental Observations on Headache, Brit. 
M. J. 1:907, 1939. (b) Clark, D.; Hough, H., and Wolff, H. G.: Experimental 
Studies on Headache : Observations on Histamine Headache, A. Research Nerv 
•& Ment. Dis., Proc. (1934) 15:417, 1935. 
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It is of additional interest that the increase in drainage headache 
induced by jugular compression occurred in spite of a rise in estimated 
intracranial pressure to the normal range. This is further evidence that 
intracranial pressure per se has little to do with drainage headache. 

6. Reduction in Intensity of Drainage Headache by Flexion or Exten- 
sion OF Head. 

Observations . — In 3 subjects with drainage headache in the erect 
position, the effect of acute flexion or overextension of the head was 
noted. Flexion of the head (brow down) or extension (brow up) was 
carried to such a point that the plane of the occiput, norinall}'- vertical, 
became horizontal. In 2 of the subjects the maneuver completely elim- 
inated the headache during the one minute period of flexion or extension 
of the head; in the third subject the intensity of the headache was con- 
siderably reduced. When the head was flexed or overextended, the 
lumbar pressure rose 15 to 80 mm. In addition to this increment, the 
vertex pressure was increased even more because flexion or overexten- 
sion of the head shortened the vertical distance between lumbar needle 
and vertex. In 1 subject, for example, flexion of the head caused the 
lumbar pressure to increase from 325 to 370 mm. and the estimated 
vertex pressure to rise from — 345 to — 140 mm., while the headache was 
almost completely eliminated. 

Comment . — These observations, similar to data obtained by 
McNaughton on patients with postpuncture headache,^® permit no addi- 
tional inferences concerning the mechanism of drainage headache. Since 
a significant rise in intracranial pressure inevitably accompanied the 
changes in position of the head, it cannot be inferred that the relief of 
headache represented solely a change in the direction and degree of the 
sag of the brain on its supports. 

7. Afferent Pathways for Drainage Headache in a Subject with 
Previous Section of the Left Trigeminal, Glossopharyngeal and 
Upper Four Cervical Nerves. 

Observation . — In addition to the data obtained on the 11 normal 
subjects, opportunity presented itself to study drainage headache in an 
adult female (G. C.) who had previously had section of the roots of 
the fifth and ninth cranial nerves and the upper four cervical nerves, all 
on the left side, for anomalous “neuralgic” head pains. As a result of 
the operative procedures she had analgesia over the entire surface of 
the left side of the head, buccal cavity and nasopharynx except for a 
small area of the concha of the ear and on the posterior wall of the bony 


29. McNaughton, F. L.: Personal communication to the authors. 
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portion of the external auditory canal. At the time of the experiment 
she was experiencing a headache of moderate intensity in the right 
frontotemporal, the vertex and the bioccipital region, which had been 
present almost constantly for the previous nine months. Removal of 
cerebrospinal fluid with the subject erect led to increase in her headache, 
but there was no headache in the left frontal region of the head (fig. 9). 

Comment. — As is usually true of histamine headache in subjects 
with section of the trigeminal root,®® drainage headache spared that area 
of the head which has been shown to depend largely or entirely on the 
fifth cranial nerve for its sensory innervation. The head pain in the 
left posterior region in this subject was probably mediated via the left 
tenth cranial nerve, which, with the ninth cranial and the upper cervical 
nerves, shares in pain referred to this area. 

This experiment indicates that the fifth cranial nerve on each side 
is the principal afferent pathway for that part of the pain of drainage 
headache located over the front half of the head. 




9. Drainage headache in a subject with previous section of the roots of the 
fifth and ninth cranial and the upper four cervical nerv’es, all on the left side. 
Areas of drainage headache are indicated by circles and correspond to the distri- 
bution of a milder spontaneous headache. Areas of analgesia are indicated by 
oblique hatching. 


D, FORMULATION 

In the foregoing paragraphs it has been shown that there is no 
direct dependence of drainage headache on intracranial pressure. The 
headache can be produced by drainage of cerebrospinal fluid and elimin- 
ated by its restoration. It is postulated that such headache represents 
traction by the sagging brain on pain-sensitive anchoring structures. 

30. Schumacher, G. A. ; Ray, B. S., and Wolff, H. G. : Experimental Studies 
on Headache; Further Analysis of Histamine Headache and Its Pain Pathways, 
Arch. Neurol. & Psychiat. 44:701 (Oct.) 1940. Pickering, G. W., and Hess, W.: 
Observations on Mechanisms of Headache Produced by Histamine, Clin. Sc. 1:77 
1933. Northfield.^ 
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Dilatation of anchoring veins and an increase in volume of the brain 
secondary to loss of cerebrospinal fluid are held to be important factors 
in augmenting the degree of traction. The association of these several 
factors in the mechanism of drainage headache is outlined in figure 10. 
The development of the argument has shown that data obtained by shifts 
in the angle of tilt and by jugular compression are consistent with this 
hypothesis. 


E. CONSIDERATION OF OTHER SUGGESTED MECHANISMS 

Other explanations of drainage headache merit nn hl a ^ . Arterial 
dilatation, mentioned briefly by Pickering, 2 ®“ is an t|[^kely cause. 
Because of the relatively thick walls, the size of arteries is probably little 
affected by a reduction in extravascular support. Not only is evidence 
lacking that arterial dilatation accompanies removal of cerebrospinal 
fluid, but the independence of the headache of the absolute level of intra- 
cranial pressure and the prompt response of the headache to tilting or 
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Fig. 10. — Schematic outline of the mechanism of drainage headache. The rele- 
vance of this diagram to the consideration of postpuncture headache is discussed in 
part II. 


to jugular compression are inconsistent with this theory. However, 
it is evident that of all the intracranial arteries, only those of the circle 
of Willis appear to share in the support of the brain. Displacement of 
these large vessels may well contribute to drainage headache, but with- 
out further evidence their dilatation need not be assumed. 

MacRobert has suggested that with the loss of fluid the brain may 
sag on the clivus and compress the basilar venous plexus, this displace- 
ment raising the intracranial venous pressure and the intracranial pres- 
sure. In spite of its stress on the possibility of venous distention, this 
theory is invalidated by the lack of evidence that a block in the basilar 
plexus can lead to the chain of events pictured. The basilar veins repre- 
sent a relatively minor part of the intracranial outflow. It is improbable 
that their compression would significantly alter intracranial dynamics. 
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A thii'd possibility is that drainage o£ fluid may lead to a difference 
in pressure between the inside and the outside of the third and lateral 
ventricles. In this event, particularly if the intraventricular pressure 
should materially exceed that without, traction on the vessels over the 
convexit}^ of the brain and at the base may occur and a headache 
analogous to that of internal hydrocephalus be produced.^^^' That such 
a pressure differential can play a part in drainage headache, except in 
transient and mild form, seems unlikely, for, as the technic of pneumo- 
encephalography has demonstrated, the passage of fluids from the intra- 
ventriculai'.'^.o fhe extraventricular spaces is normally freely and rapidly 
achieved, r. 

II. HEADACHE FOLLOWING LUMBAR PUNCTURE 

The headache experimentally induced by drainage of cerebrospinal 
fluid has its clinical analogue in the headache which so frequently follows 
diagnostic lumbar puncture. The evidence for this linkage is of two 
types : First, the reports of many observers indicate that postpuncture 
headache is associated with loss of cerebrospinal fluid, and, second, 
studies now to be reported demonstrate the similiarity of the responses 
of drainage and of postpuncture headache to certain experimental pro- 
cedures. 

Postpuncture headache may be defined as the headache, mild or 
severe, which may appear a few hours to several days after lumbar punc- 
ture, lasting a variable period of days or, rarely, weeks. It is a sequel 
to lumbar puncture in approximately 1 out of every 4 patients.®- The 
pain is a dull, deep ache and may be throbbing. It is usually bifrontal 
and often also suboccipital. In the latter position it may be associated 
with moderate stiffness of the neck. Most characteristic are its occur- 
rence when the subject is erect and its virtual elimination when he is 
horizontal. Shaking the head makes it more intense. It is usually 
resistant to all treatment except rest in bed in the horizontal position 
and the passage of time. Because of the frequency of its occurrence, 
the occasional severity of the discomfort and the duration of the disability, 
headache of this type has been of clinical interest ever since the technic 
of lumbar puncture was introduced. 

31. Kunkle, E. C.; Ray, B. S., and Wolff, H. G.: Studies on Headache; 
The Mechanisms and Significance of Headache Associated with Brain Tumor, 
Bull. New York Acad. Med. 18:400, 1942. Ray and Wolff.zs^ 

32. Davenport, K. M.; Post-Puncture Reactions, New York State J. Med. 
39:1185, 1939. Kulchar, G. V., and King, A. D. : Use of Sodium Amytal in 
Prevention of Reactions Associated with Lumbar Puncture, Arch. Neurol. & 
Psychiat. 30:170 (July) 1933. Nelson.^b Perkel.sm 
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A. RESUME OF THE LITERATURE 

Although theories concerning postpuncture headache have been clearly con- 
tradictory, the weight of the evidence supports the view that it is usually related 
to a loss of cerebrospinal fluid secondary to leakage through the dural hole. The 
accumulated data may be summarized as follows : 

(n) Postpuncture headache is accompanied by lowered cerebrospinal fluid pres- 
sure. Without citing actual data, several observers have reported that in 
patients with postpuncture headache on whom a second puncture was done 
the lumbar pressure had fallen from its initial level. The studies of post- 
puncture headache by Nelson and Jacobeus and Frumerie present pressure data 
in detail.31 In each of several patients' with postpuncture headache the pres-, 
sure observed on a second tap was low. One of the group reported on bj' 
Jacobeus and Frumerie, a patient with severe headache, stiff neck, pallor and 
bradycardia, had a lumbar pressure of zero. Injection of 90 cc. of physiologic 
solution of sodium chloride raised the lumbar pressure to 250 mm. and caused 
immediate clinical improvement, which was maintained by elevation of the foot 
of the bed. Similar results were obtained with a second patient. 

Manonietric studies on a group of 16 patients with postpuncture headache were 
made by Pacifico.®** The interpretation of the results is complicated by the fact 
that at least 3 of the patients had very high pressures on the initial tap, and 8 of 
the remaining 13 patients had an unexplained elevation to 210 mm. or above (in 
the horizontal position). In all but 2 of the group a second puncture twentj'-four 
to ninety-six hours later, and after headache had begun, demonstrated -that the 
pressure, measured in both the erect and the horizonal position, had fallen from 
the initial levels. 

(6) The dural hole at the site of lumbar puncture may persist for several days 
after the procedure. At laminectomy Mixter noted the presence of a dural hole 
six days after lumbar puncture, and Castro Silva confirmed this in observations 
made eight to fifteen days after puncture.^® 

(r) Leakage of cerebrospinal fluid through the dural hole into the epidural 
space may occur. Such leakage, first suggested by Sicard as a factor in post- 
puncture headache, was observed by Pool in myeloscopic studies performed two 
to four days after lumbar puncture, as well as by Ingvar®® in the dissection of 
cadavers. The latter noted in 1 patient the presence of subcutaneous fluid following 
lumbar puncture. Moreover, in histologic studies of the repair reaction following 
dural puncture, he observed that the plug which forms over the hole appears 
fragile and insecurely fixed. 

33. Solomon, H. C. : Effect on Human Cerebrospinal Fluid Pressure of 
Extraction and Injection of Fluid, A. Research Nerv. & Ment. Dis., Proc. 
(1927) 8:82, 1929. Targowla and Lamache.®® Merritt and Fremont-Smith.®” 
McNaughton.®® 

34. Nelson.®*' Jacobeus and Frumerie.®® 

35. (a) Mixter, W. J., in discussion on Fremont- Smith, F. ; Merritt, H. H., 

and Lennox, W. G. : Relationship Between Water Balance, Spinal Fluid Pressure 
and Epileptic Convulsions, Arch. Neurol. & Psychiat. 28:956 (Oct.) 1932. (5) 

Castro Silva, cited by Koster, H., and Weintrob, M. : Complications of Spinal 
Anesthesia, Am. J. Surg. 8:1165, 1930. 

36. Pool, J. L.: Myeloscopy, Surgery 11:169, 1942. 
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(d) IMeasures which diminish the likelihood of leakage have been claimed to 
be effective in reducing the frequency and severity of postpuncture headache. 
Cisternal rather than lumbar tap, the use of a small needle, the insertion of catgut 
in tlie dural hole and the introduction of air into the epidural space to eliminate 
the hypothetic epidural negative pressure have all been said to be useful devices 
in the control of postpuncture headaches^ None of these technics, however, is 
entirely effective. The value of the use of catgut has been shown to be slight.ss 

(e) Temporary decrease in the intensity of postpuncture headache may result 
from procedures which increase the volume of cerebrospinal fluid. The intra- 
venous administration of hypotonic solutions (of sodium chloride or distilled water) 
has been found by several obsen'ers to diminish postpuncture headache.^^ Con- 
versely, it has been reported that a hypertonic solution of dextrose given intra- 
venoustj' augments the headache.^^^ 

The argument that increased cerebrospinal fluid pressure is usually related to 
postpuncture headache is not well founded. The relevant observations are few, 
and the inferences are of dubious validity As will be discussed later, however, 
the probabilitj'- exists that in a few patients with postpuncture headache an unusual 
headache mechanism may be involved, accompanied by but not dependent on 
elevated pressure. 

B. OBSERVATIONS ON POSTPUNCTURE HEADACHE 

Various studies to be described under appropriate sections were made 
one to five days after lumbar tap on 9 patients with typical postpuncture 
headache. In 1 additional subject unusual opportunity was afforded for 
special observations, which will be reported separately later in this 
paper. All the subjects were between the ages of 19 and 40 years and 
were considered to be accurate witnesses. Six were males and 4 were 
females. 

1. PoSTPUNCTURE HeAD.\CHE ELIMINATED BY RESTORATION OF CEREBROSPINAL 

Fluid Volume. 

Observations . — Manometric studies on a young woman were made 
during a typical postpuncture headache. After a routine lumbar punc- 
ture bifrontotemporal headache had developed, which recurred when- 
ever she sat erect. The headache was augmented during brief bilateral 
jugular compression. Five days later, when the headache had begun to 
abate, the lumbar puncture was repeated with the patient on the tilt table. 
As shown in figure 11, the initial pressure (with the patient horizontal) 

37. Nelson.3t> Kulchar.^f Greene.^s Heldt and Mohoney.^i^ 

38. Heldt, T. J., and Whitehead, L. S. : Clinical Studies in Post-Lumbar Punc- 
ture Headache, Am. J. Psychiat. 93:639, 1936. 

39. Solomon.st Alpers.st Perkel.sm 

40. Labat, G. : Regional Anesthesia, ed. 2, Philadelphia, W. B. Saunders Com- 
pany , 1928, p. 505. Masserman (footnotes 1 b and 2 c) . Balduzzi.sb Targowla 
and Lamache.sc Kennedy 2e Pacifico.^d Mixter.s^a 
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was 110 ww., which was slightly lower than the pressure at the time of 
the first tap. When she was turned to the erect position the lumbar 
pressure rose to 425 mm., slight bifrontotemporal headache beginning 
almost at once. The estimated vertex pressure at this point was — ^245 
mm., well below the normal range; it slowly fell during the following 
six minutes to reach — 290 mm., while the headache became moderately 
severe and nausea, sweating, giddiness and weakness were noted. The 
intrathecal injection of saline solution under a high lumbar pressure of 
800 mm. and a vertex pressure of 130 mm. caused the headache and 
its associated symptoms to be completely eliminated within two minutes. 
The headache and other symptoms then recurred when the lumbar pres- 


OBJECT rprCT 



TIME IN MINUTES 


Fig. 11. — ^Elimination of postpuncture headache by the intrathecal injection of 
physiologic solution of sodium chloride with subject erect. The experiment was 
performed five days after the initial lumbar puncture. The response was similar 
to that noted in the study of drainage headache (fig. 4). 

sure was lowered to 350 mm., with a vertex pressure of — 320 mm., and 
were eliminated again in five and a quarter minutes when saline solution 
was injected and the vertex pressure was raised to a normal level of 
— 170 mm. 

Comment . — These results, which parallel the experience of Picker- 
ing -®" and Jacobeus and Frumerie,®'' demonstrate that postpuncture head- 
ache, like drainage headache, is reduced by restoration of cerebrospinal 
fluid volume and that in the erect subject the headache bears a relation- 
ship to vertex pressure equally as predictable. Although the lumbar 
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pressure when the patient was in the horizontal position was only slightly 
lower than at the time of the first puncture, the pressure was abnormally 
low when she was turned to the erect position. The reason for the slow 
fall in pressure during the experiment is not known. It may have 
resulted from further leakage through the first dural hole. 

The direct association of nausea, sweating, giddiness and weakness 
with the headache suggests that these were manifestations of a response 
to severe pain rather than merely evidences of anxiety regarding the 
experimental procedures. 

2. Postpuncture Headache Increased by Compression of Jugular Veins. 
Observations. — ^Both jugular veins were firmly compressed manually 
for ten to fifteen seconds in each of 7 patients with slight to moderate 
postpuncture headache. The pain was in the bifrontal region in 4 
patients, in the bifrontosuboccipital area in 2 patients and in the vertex 
in 1 patient. In each patient the intensity of the headache was moder- 
ately increased during the period of compression. In 2 other subjects 
jugular compression was carried out a few hours after postpuncture 
headache had appai'ently subsided, so that they were able to sit erect at 
least for short periods without discomfort. In these subjects moderate 
bifrontal headache was induced by the compression. The headache 
promptly ended when the pressure was released. 

Comment . — As in the observations of Pickering-®" and McNaugh- 
ton,-® the response of postpuncture headache to jugular compression 
seems definite and predictable. Because a second lumbar puncture could 
not be done on -all these patients, it was not possible to demonstrate that 
the increase in headache produced by jugular pressure occurred in spite 
of an associated rise in cerebrospinal fluid pressure. In the single experi- 
ment described in the foregoing section and in figure 13, however, 
manometric studies were possible during jugular compression. As has 
been shown, repetition of jugular compression caused a definite increase 
in the headache, even though the estimated vertex pressure rose from 

200 to 100 mm. Similar pressure responses undoubtedly occurred 
in the entire group. 

3. Postpuncture Headache Diminished in Intensity by Flexion and 
Extension of the Head. 

Observation. ^In repetition of studies made by McNaughton,'*^ sharp 
flexion or extension of the head of the single subject on whom this 

McNaughton, F. L., in discussion on Kunkle, E. C.; Ray, B. S., and Wolff, 
. .. Studies on Headache: An Analysis of Headache Associated with Changes 
in Intracranial Pressure, Tr. Am, Neurol. A. 67 -.165, 1941; footnote 29. 
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maneuver was performed moderately reduced the intensity of postpunc- 
ture headache. 

Comment . — As was true in the studies on drainage headache, the 
diminution in the headache here achieved may have been due either to a 
rise in intracranial pressure or to a change in the direction and degree 
of the sag of the brain on anchoring structures or to both. At least this 
much may be inferred: Drainage and postpuncture headache respond 
similarl}^ to this maneuver. 

An attempt to increase intracranial pressure by another technic, the 
inhalation of amyl nitrite, produced results which are difficult to interpret. 
In 1 subject, however, postpuncture headache was completely eliminated 
for four minutes, beginning two and a half minutes after inhalation of 
amjd nitrite. The relief suggested that dilatation of intracranial arteries 
is not the basis of postpuncture headache. 

General Comment 

Without exception, the various procedures adopted in the analysis 
of postpuncture headache have emphasized its similarity to the head- 
ache induced by drainage of cerebrospinal fluid. The two types of 
headache share the following features: (1) association with decreased 
intracranial pressure; (2) complete elimination by elevation of the 
intracranial pressure to normal when the subject is erect; (3) reduc- 
tion in intensity by change in the subject’s position from erect to 
horizontal or b}'^ tilting of the head and (4) increase in intensity by 
bilateral jugular compression. Accordingly, the headache mechanism 
outlined in figure 10 may apply both to drainage and to postpuncture 
headache. 

Unlike drainage headache, postpuncture headache may not have its 
onset until a few hours or days after the lumbar tap. The drainage 
of the small volume, 5 to 15 cc., of fluid ordinarily removed for diagnostic 
tests is usually insufficient to cause an immediate headache. The delayed 
headache presumably is due to the continued slow loss of cerebrospinal 
fluid after the initial removal of fluid. This type of headache may prop- 
erly be termed “leakage” headache. Reflex inhibition of choroidal secre- 
tion following penetration of the dura has been suggested as the cause 
of the decreased volume and pressure of cerebrospinal fluid accompanying 
postpuncture headache, but this hypothesis lacks both experimental and 
clinical support. 

It is relevant to note at this point that closure of the dural-arachnoid 
puncture hole may be aided by inflammatory changes in the meninges 
and an increase in the cell and the protein content of the spinal fluid 
such as may be associated with disease of the cential nervous system. 
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This may explain the fact noted by several authors, notably Perkel,^"* 
that in patients with a pathologic fluid headache is less likely to develop 
after lumbar puncture than in those with a normal fluid. On the other 
hand, the difference between the two groups may reflect only that patients 
with normal fluids, as a group being less "ill,” may attempt to resume 
activity sooner after the puncture. 

C. ARTERIAL DILATATION ASSOCIATED WITH POSTPUNCTURE 

HEADACHE 

Indirect evidence that arterial dilatation may be concerned in post- 
puncture headache is suggested by the reports that the injection of 
ergotamine tartrate may eliminate the headache."^® The experimental 
evidence against arterial dilatation as a major factor in drainage headache 
has been summarized in part 1. The same argument applies to post- 
puncture headache. It appears that dilatation of pial arteries is not 
responsible for postpuncture headache because such headache is made 
worse rather than better by firm jugular compression and its accompany- 
ing rise in intracranial pressure (in contrast to the response of head- 
ache induced by histamine) Moreover, the pial arteries respond 
poorly to the vasoconstrictor action of ergotamine On the other hand, 
ergotamine causes definite constriction of the arteries of the dura and 

42. (a) Guttman, S. A.; Personal communication to the authors. (&) Targowla 
and Lamache.2c 

43. The effect of ergotamine tartrate on intracranial veins may be small, for 
the walls of these are thin and have few muscular layers (Wolff, H. G. : 
A. Research Nerv. & Ment. Dis., Proc. [1937] 18:29, 1939), Yet constriction of 
retinal and temporal veins following the intravenous injection of ergotamine 
tartrate has been observed in man (Graham, J. R., and Wolff, H. G. : A. Research 
Nerv. & Ment. Dis., Proc. [1937] 18:638, 1939), Moreover, it may be noted that 
in Guttman’s experience the doses of ergotamine usually required to alleviate post- 
puncture headache were larger than those found adequate in the treatment of 
migraine headache and that repetition of the drug was often required (Gutt- 
man.^^ay favorable influence of ergotamine tartrate on postpuncture head- 
ache may, therefore, be due to slight constriction in the large anchoring veins 
over the convexities of the brain. No evidence bearing directly on this problem 
is available. ^ The rise in jugular and in cerebrospinal fluid pressure induced by 
intravenous injection of ergotamine tartrate is so slight that it may be waived 
(Pool, J. L.; von Storch, T. J. C, and Lennox, W, G. : Effect of Ergotamine 
Tartrate on Pressure of Cerebrospinal Fluid and Blood During Migraine Head- 
ache, Arch. Int. Med. 57:32 [Jan.] 1936). 

44. Pickering. 28 a ckrk, Hough and Wolff.zsb 

45. Pool, J. L., and Nason, G. I. ; Cerebral Circulation : The Comparative 
Effect of Ergotamine Tartrate on the Arteries in the Pia, Dura and Skin of Cats, 
Arch. Neurol. & Psychiat. 33:276 (Feb.) 1935. 
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scalp (chiefly the middle meningeal, temporal and occipital arteries) : 
the influence of the drug on the large basal arteries of the circle of 
Willis remains in doubt.'”’' Dilatation of these arteries, whatever the 
obscure cause may be, cannot be rejected as a factor in postpuncture 
headache, but their role seems to be at most only accessoiw. 

D. POSTPUNCTURE HEADACHE OCCASIONALLY DUE TO 

“meningitis” 

Ihe “usual,” or “typical,” variety of poslpuncture headache has 
been the topic of major concern in this discussion. It must be recog- 
nized, however, that in a few instances of postpuncture reaction a 
s3mdrome is presented in which factors other than mere loss of cerebro- 
spinal fluid must be involved. In these uncommon cases the headache 
may have its onset several hours after the tap, ivhile the patient remains 
horizontal. The headache is unusually scA'ere and often generalized ; 
stiffness of the neck is prominent, and moderate fever is present. A sec- 
ond iiuncture on such patients has shown the evidences of sterile “menin- 
gitis,” with low, normal or slightly elevated pressure and pleoc^-tosis, 
either polymorphonuclear or Ijunphoc^vtic. Recovery in the reported 
cases was uneventful. 

An example of this alarming variant of the reactions to lumbar punc- 
ture was observed recentl)'^ at the New York Hospital. 

A 41 year old man had had symptoms of widespread disease of the spinal cord 
for two years, which was diagnosed as “myelitis” of unknown origin. He carried 
a small amount of iodized poppyseed oil in the lumbar sac as the residuum of 
studies performed elsewhere eight months before. Our initial diagnostic lumbar 
tap, with the patient in the horizontal position, showed a pressure of 70 mm.; the 
lymphocyte count was 12 per cubic millimeter, and the protein measured 75 mg. 
per hundred cubic centimeters. Within six hours of the tap there developed 
severe fronto-occipital headache, unaffected by position but accentuated by an)' 
motion of the head; his neck became stiff, and his temperature rose to 39 C. 
(102.2 F.). A second puncture, performed forty-eight hours later, showed a 

46. Graham, J. R., and Wolff, H. G.: Mechanism of Migraine Headache and 
Action of Ergotamine Tartrate, A. Research Nerv. & Ment. Dis., Proc. (1937) 
18:638, 1939. 

47. Mouzon, J.: De quelques precedes preventifs destines a eviter les incon- 
venients de la ponction lombaire, Presse med. 35.997, 1927. Hurxthal, L. M.. 
Sterile Meningitis Following Lumbar Puncture, J. A. M. A. 100:1489 (May 13) 
1933. Ashworth, H. D. ; Nervous Sequelae of Spinal Anesthesia, Proc. Roy. 
Soc. Med. 26:501, 1933. Spiller, W. G., and Payne, F. L.: Meningitic Symp- 
toms Rapidly Following Lumbar Puncture and Rapidly Disappearing, J. A. M. A. 
82:106 (Jan. 12) 1924. Reynolds, K. E., and Wilson, G.; Aseptic Meningitis 
Following Lumbar Puncture, ibid. 102:1460 (May S) 1934. Targowla and 
Lamache.'=<= Koster and Weintrob.ssb 
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lumbar pressure of 170 mm., a count of 800 lymphocytes and 530 erythrocytes per 
cubic millimeter and a protein content of 400 mg. per hundred cubic centimeters. 
The fluid was faintly cloudy and colorless and was sterile when cultured. The 
reaction subsided in five days. 

Comment . — ^The origin of this meningitic type of postpuncture reac- 
tion is obscure. Animal experiments suggest that, like the usual form 
of reaction, it may result from a leakage of fluid, for Kasahara showed 
that the aspiration of relatively large amounts of cerebrospinal fluid 
from rabbits regularly causes pleocytosis. In human subjects Masser- 
man^a reported a similar reaction. Whatever the cause of the aseptic 
“meiringitis” may be, it is apparent that the immediate mechanism of 
the headache is much like that of the headache associated with pyogenic 
meningitis or subarachnoid hemorrhage, i. e., inflammation of the various 
pain-sensitive structures within the ci'anium.--’^ 

E. FORMULATION 

The usual form of postpuncture headache is an example of headache 
resulting from mechanical traction. It is due mainly to dilatation of and 
traction on pain-sensitive vascular structures. The essential factor in 
the mechanism is leakage of cerebrospinal fluid through the dural hole 
left by the needle. 

Infrequently, postpuncture headache may be caused by sterile “menin- 
gitis,” and in this event, also, it may be due primarily to leakage of fluid. 

The commonly prescribed routine of rest following lumbar puncture 
thus has a rational basis, although its value has recently been ques- 
tioned^® There can be little dispute that the use of as small a needle as 
is consistent with the information sought and the avoidance of multiple 
insertions are important factors in the prevention of prolonged leakage. 

III. HEADACHE ASSOCIATED WITH INCREASED 
INTRACRANIAL PRESSURE 

Experimental and clinical evidence indicates that when headache is 
associated with increased intracranial pressure the headache is not 
caused by the increase in pressure. 

A. INDUCED ELEVATION OF INTRACRANIAL PRESSURE 
AND HEADACHE 

Observations . — In 4 normal human subjects in the erect position, 
the intrathecal injection of a sterile physiologic solution of sodium 

48. Blanchard, M., and Laigret, J. ; L’innocuite complete de la ponction lom- 
baire chez les indigenes du congo, Presse med. 32:518, 1924. Blau, A.: Reactions 
Following Spinal Puncture, Urol. & Cutan. Rev. 45:239, 1941. 
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chloride was used to raise the lumbar pressure to between 680 and 850 
mm. and the vertex pressure to a positive pressure of 60 to 220 mm. 
These elevations in pressure were maintained for one to two minutes 
without headache in any instance. In one experiment on a subject in 
the horizontal position both the lumbar and the vertex pressure were 
held at 510 mm. for ten minutes (fig. 12), No headache was noted, 
but in the latter part of the trial period painful tingling in the sacral and 
leg areas was present. 

Comment . — The failure of experimentally induced elevation of intra- 
cranial pressure to cause headache confirms recent observations by 


^ SUBJECT HORIZONTAL 

+ 600 - 1 

' ELEVATION OF PRESSURE 



Fjg 12. Failure of experimentally induced elevation of intracranial pressure 

to cause headache in a normal subject. With subject in a horizontal position, 
the lumbar and intracranial pressures were held at 510 mm. for ten minutes 
without headache. 

McNaughton^^ and observations during experimental studies on his- 
tamine headache and headache associated with arterial hypertension.^® 
In the latter study, intracranial pressures of 800 to 1,000 mm. were 
produced by intrathecal injection of saline solution but were maintained 
for only a few moments. Reports by Fay of the production of headache 
by an apparently similar procedure present a contradiction for which 
we have no explanation.^® 


49. Fay (footnotes 1 c and 22 a). 
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B. INTRACRANIAL PRESSURE AND HEADACHE ASSOCIATED WITH 

TUMOR OF THE BRAIN 

In patients with tumor of the brain headache and increased intra- 
cranial pressure frequently coexist. As a consequence of the commonly 
held assumption that such headache must be a direct result of general- 
ized elevation of intracranial pressure, the clinical importance of the 
headache in the localization of the lesion has been minimized. 

It has recently been shown, however, that there is no constant rela- 
tion between headache due to brain tumor and increased intracranial 
pressure.^^ An analysis of 72 patients with tumor of the brain indicated 
that although the headache may be located at a distance from the tumor, 
the location of the headache is not fortuitous. The data suggested that 
headache associated with tumor is produced by traction on intracranial 
pain-sensitive structures, chiefly the large arteries and veins and the 
venous sinuses. The traction may affect directly adjacent structures or 
those at a distance by extensive displacement of the brain. Generalized 
increase in intracranial pressure is a manifestation of tumor growth and 
is not essential to the production of tumor headache. Two sets of data 
confirm this view, 

1. Frequent AssoaATioN of Headache Accompanying Tumor of the 
Brain and Normal Intracranial Pressure. 

Observations . — ^In the series of 72 patients with tumor of the brain 
who were studied, headache as a symptom occurred almost as commonly 
in persons without increased intracranial pressure (19 of 23) as it did 
in those with increased pressure (46 of 49).^^ In addition, of the 7 
patients who were free from headache, 3 had increased intracranial 
pressure. 

Comment . — ^These figures, reenforcing Northfield’s ^ observations, 
demonstrate that increased intracranial pressure is not essential to the 
production of tumor headache. 

2. Independence of Headache Associated with Brain Tumor and 
Increased Intracranial Pressure. 

Observation . — The following stud}'^ was made on a man with a left 
parietal oligodendroglioma who had had a bifrontal headache for one 
month, the pain appearing usually when he stood up. At the time of 
the experiment he was free of headache and was lying horizontally on 
his left side. The lumbar pressure was 175 mm. As indicated in 
figure 13, headache, chiefly of the left frontal area, was induced by drain- 
age of 39 cc. of cerebrospinal fluid through the lumbar needle. The 
headache was then eliminated completely by restoration of fluid and 



356 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

elevation of pressure to its initial level, the technic of intrathecal injec- 
tion of saline solution described in part I being employed. Finally, and 
most significantly, when the lumbar and intracranial pressures were 
raised to a high level of 550 mm. for five minutes, headache did not 
recur. 

Comment . — The results of this experiment supplement well the 
evidence already offered that elevation of intracranial pressure in normal 
subjects fails to cause headache. 

General CoxixtENT 

Ihe thesis which so insistent!}'’ presents itself when these facts are 
reviewed, i. e., that tumor headache or other headache is relatively 

600 

• q 

J* 

I 400 

z 

u 

tA 

o 

0 


* I ” CHCrtY LEFT FRONTAL I > 

5 10 15 20 25 30 

T»M£: IN minutes 

Fig, 13 . — Induction of headache by drainage of cerebrospinal fluid and failure of 
induced elevation of intracranial pressure to 550 mm. to cause headache in a 
patient with a left parietal oligodendroglioma. The headache following drainage 
of 39 cc. of fluid was chiefly in the left frontal area. The patient was in the 
horizontal position and lying on his left side. 

independent of increased intracranial pressure, does not of course deny 
the clinical significance of such elevation of pressure. However, the 
vital importance of the various effects of rise in pressure is not relevant 
to this discussion. 

The headache associated with meningitis or other types of intra- 
cranial infection, in which elevation of cerebrospinal fluid pressure is 
often noted,' is probably similar to headache associated with brain tumor 
in that it is independent of increased intracranial pressure.^si^ 
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SUMMARY AND CONCLUSIONS 
Headache was regularly induced in normal erect human subjects by 
the free drainage of approximately 20 cc. of cerebrospinal fluid, the esti- 
mated vertex pressure falling to between — ^220 and — ^290 mm. from a 
normal of approximately — 150 mm. Moreover, (tt) drainage headache 
was reduced in intensity by the intrathecal injection of physiologic solu- 
tion of sodium chloride and the restoration of the cerebrospinal fluid 
volume; (&) drainage headache was reduced in intensity by tilting the 
body toward the horizontal or simply by flexion or extension of the head ; 
(c) in its response to postural changes drainage headache was shown to 
be independent of the estimated intracranial pressure; (d) drainage 
headache was usually augmented in intensity during distention of intra- 
cranial veins secondary to bilateral jugular compression; (e) in a sub- 
ject who had previously had section of the roots of the fifth and ninth 
cranial and the upper four cervical nerves, all on one side, induced drain- 
age headache was absent over the homolateral frontotemporal area. This 
indicates that the afferent impulses from the frontal portion of the area 
of drainage headache traverse the fifth cranial nerve. 

It is thus inferred that drainage headache is caused primarily by 
traction by the brain on various pain-sensitive structures which anchor 
it to the cranium ; dilatation of some of these structures, the intracranial 
veins, and increase in brain volume are suggested as joint factors in the 
augmented traction which follows drainage of fluid and leads to headache. 

The headache which often follows lumbar puncture has predictable 
and unique features, all of which indicate its similarity to drainage head- 
ache. Like drainage headache, (a) postpuncture headache "was asso- 
ciated with a decrease in cerebrospinal fluid volume, as evidenced by a 
fall in cerebrospinal fluid pressure; (I?) it was completely eliminated by 
the intrathecal injection of saline solution and by the elevation of the 
intracranial pressure to normal; (c) its intensity was reduced by change 
from the erect to the horizontal position or by flexion or extension of the 
head, and (d) its ' intensity was increased by bilateral jugular com- 
pression. 

The usual variety of postpuncture headache is therefore similar in 
type and mechanism to the headache induced by drainage of cerebro- 
spinal fluid; i. e., it is caused by dilatation of and traction on pain- 
sensitive intracranial vascular structures. It is probably secondary to a 
piolonged leakage of fluid through the dural hole in the lumbar sac pro- 
duced by the operator’s needle. 

Uncommonly, postpuncture headache results from sterile “meningitis.” 

The headache so often associated with increased intracranial pressure 
has generally been assumed, but never proved, to be related to the 
increased pressure. Yet, (a) elevation of intracranial pressure in normal 
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human subjects to abnormally high levels failed to cause headache; (&) 
in a series of 72 patients with tumor of the brain, headache occurred 
almost as frequently with normal as with increased pressure; (c) head- 
ache homolateral to the lesion in a patient with a tumor of the brain was 
induced by lowering the intracranial pressure, but could not be induced 
by elevation of the pressure to a high level of 550 mm. 

Hence, in the production of headache, increased intracranial pressure 
is neither a prime nor an essential factor. 

From these data it is concluded that the headache associated with 
either decreased or increased intracranial pressure results from traction 
on or displacement of pain-sensitive intracranial structures and is inde- 
pendent of generalized intracranial pressure changes per se. 

Miss Helen Goodell aided in the experiments and the preparation of the 
illustrations. 


925 East Sixty-Eighth Street. 



PREDISPOSING FACTORS IN BROMIDE 
INTOXICATION 


ANDRAS ANGYAL, M.D. 

WORCESTER, MASS. 

With regard to bromide intoxication, opinion is divided as to the 
relative importance of the direct toxic effects of bromides, on the one 
hand, and the individual susceptibility and predisposing pathologic con- 
ditions, on the other. A recent experimental investigation by Jellinek, 
Angyal, Cohen and Miller,^ at the laboratory of applied physiology at 
Yale University, is of particular interest to this controversy. In that 
experiment 78 normal subjects received bromides orally for a period of 
four weeks in high enough doses to produce bromide levels in the blood 
serum of about 150 mg. per hundred cubic centimeters by the end of the 
medication period. The outstanding result of this experiment was the 
paucity of neurologic and psychiatric changes in the subjects when 
the bromide level in the blood reached values which by many authors 
have been stated to approach, or even to be within, the toxic zone. 

The setting of this experiment was not quite identical with the usual 
conditions under which bromide psychosis is said to arise. For one 
thing, it is claimed that bromide intoxication usually — though not invari- 
ably — occurs in connection either with a very large intake of bromide 
in a short time or with a lesser use of the drug over a long period. In 
the Yale experiments, however, the bromide level in the blood reached 
a considerable height only during the last week or last two weeks of 
the experiment and was maintained at this level for only a brief period. 
It seemed questionable to us, however, whether such factors would 
explain satisfactorily the difference between the slight changes observed 
in the experimental subjects and the dramatic delirious picture seen in 
patients with bromide psychosis. It appeared advisable to inquire 
whether or not there are any features beyond the presence of bromides 
in the blood which may be responsible for the psychotic manifestations 
observed in cases of bromide intoxication. 

For this purpose the records of the 21 patients admitted to the 
Worcester State Hospital during the years 1937 to 1941 with a diag- 

From the Worcester State Hospital. 

I. Jellinek, E. M.; Angyal, A.; Cohen, L. H., and Miller, D. P.: An Experi- 
mental Study of Bromism, Psychiatric Quart, to be published. 
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nosis of ps 3 fchosis due to bromides” were reviewed. This review 
included only those cases in which the official diagnosis was clearcut. 
All cases in which the diagnostic label indicated that. factors other than 
bromides were also considered as significantly responsible for the psy- 
chosis (e. g., “psychosis due to bromides and barbiturates” or “psychosis 
due to bromides and alcohol”) were excluded. Furthermore, all cases 
in which the diagnostic impression was first that of bromide intoxication 
but Avhich subsequent!}' were reclassified under some other diagnostic 
label were excluded from this study. Briefly, only those cases Avere used 
in the present series in which, after sufficient time for observation, the 
diagnosis of “psychosis due to bromides” was considered by the hospital 
staff as the most reasonable classification. 

It may reasonably be expected that in cases of bromide intoxication 
some other preexisting condition will almost invariably be found. After 
all, there must be some personalit}' disturbance — insomnia, restlessness, 
neurotic disturbances, etc. — ;responsible for resort to bromides. It was 
felt, therefore, that only those features which go beyond vague neurotic 
complaints, or even beyond a distinct neurosis, could be considered as 
major complicating factors. There was no preconceived notion as to 
what these factors might be, and hence no specific list of features for 
Avhich to look in the case records was used. 

A study based on, the consultation of records rather than on personal 
examination of patients has certain disadvantages. This is particularly 
true in a case of such a more or less transient condition as bromide 
intoxication, in which the patient resides in the hospital for only a short 
period and in which the case record, particularly the social history, is 
as a rule less detailed than that of a patient with a condition requiring 
prolonged psychiatric care. A thorough analysis of personality or a 
study of subtle deviations of prepsychotic adjustment can therefore not 
be attempted. Since, however, the purpose of the present study was to 
determine whether any gross contributing factors were present, the lack 
of complete information AA'as not a serious handicap. 

To anticipate some of the results, in the great majority of cases 
certain factors were present of which the probable etiologic significance 
for the psychosis cannot be ignored: cerebral arteriosclerosis, severe 
alcoholism, organic disease of the brain, involutional complications, etc. 
Frequently more than one of these conditions rvas present in a given 
case. I have roughly classified the cases according to the prevalent 
complicating factor. In several cases it Avas doubtful Avhicli factor 
should be given greater weight. This classification^ is, however, meant 
•to be only a gross grouping to facilitate the discussion. 
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ARTERIOSCLEROSIS AS A CONTRIBUTING FACTOR 

This group comprises 5 cases in which arteriosclerosis — ^usually asso- 
ciated with heart disease — ^ivas considered as the major contributing 
factor. 

Case 1.— H. J., a married woman aged 59, was admitted to the hospital on 
IMarch 2, 1938. Three of the patient’s 12 siblings died of tuberculosis in their 
late teens. Anamnestic information was scanty, but no gross abnormality seems 
to have appeared until about ten years ago. At that time the patient was having 
the menopause. She began to nag her husband constantly and showed much 
jealousy. This condition persisted more or less constantly until the present illness. 
On one occasion she accused her husband of trying to get a waiter in a restaurant 
to poison her food. During the last three years there had been a marked change 
in her personality. She became careless in housekeeping and in her personal 
appearance. She stopped going to church and became rather inactive, spending 
much time sitting in a chair and not talking to any one. A year ago she 
compelled her husband to change their residence because she accused him of 
flirting with the landlady. During the last three or four months her seclusiveness, 
irritability and suspiciousness increased to such an extent that she had to be 
admitted to the hospital. The history of the use of bromides Avas vague. Appar- 
ently, she had taken bromides off and on for four or five years preceding her 
illness, and during the last year had used them at frequent intervals and in 
increased doses. 

r 

On admission she was excited, confused, bewildered and apprehensive and wept 
frequently. Physical examination revealed that the right pupil was larger than 
the left; the right pupil did not react to light, and the left responded sluggishly. 
Abdominal reflexes and the knee and ankle jerks were absent. The blood pres- 
sure was 170 systolic and 110 diastolic and dropped later to 160 systolic and 100 
diastolic. The retinal vessels were somewhat tortuous and narrowed, and there 
was evidence of general peripheral arteriosclerosis. The hearf was enlarged to 
the left, and there was slight pitting edema of the ankles. The skin showed an 
erythematous rash, and numerous red, pinpoint papules occurred over the anterior 
aspect of the legs and thighs. 

One day after admission the bromide content of the blood serum was 100 mg. 
per hundred cubic centimeters. 

By the end of the first week the patient’s mental status was much clearer. At 
the end of the thirty-fifth day period of observation she was well enough to be 
dismissed from the hospital. Her adjustment, rechecked after one year, was fairlj’’ 
good, but she was rather loquacious and euphoric and showed slight memory 
defects. 

Besides the use of bromides, the following factors may be significant 
in this case: 1, About the time of the menopause, the patient mani- 
fested a mild paranoid condition, which persisted more or less until her 
present condition developed. 2. Habit deterioration and personality 
changes had been occurring for three or four years. 3. Advanced 
arteriosclerosis was present, with which these alterations were con- 
sistent. 4. Memory defects persisted long after the effects of bromide 
u^ere over, and hence it may be presumed that they were present even 
pievious to the episode of bromide intoxication. It is noteAvorth}^, also, 
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that the psychiatric symptoms were present while the bromides in the 
blood serum were below what usually is considered a toxic level. 

Case 2. — D. W., a white woman aged 75, was transferred to the Worcester 
State Hospital on Dec. 7, 1938, after a ten day stay in a general hospital. The 
past history was scanty and not significant. On admission she was confused and 
disoriented. She appeared to respond to hallucinations and expressed the belief 
that her food was poisoned. Physical examination revealed advanced retinal and 
generalized arteriosclerosis and arteriosclerotic heart disease. The blood pressure- 
was 170 systolic and 110 diastolic. There were no other significant physical signs. 

The bromide level of the blood two days after admission was 60 mg. per 
hundred cubic centimeters. No determinations of the bromide values were made 
in the general hospital from which the patient was transferred, but presumably 
the bromide level had been considerably higher. The bromide content dropped 
slowly ; at the end of the fourth week it was still 24 mg. per hundred cubic cen- 
timeters. Under treatment with sodium chloride the patient’s condition grad- 
ually improved, and her confusion, hallucinations and delusions disappeared. She- 
admitted having taken various kinds of medicines for several years, but she could 
not give any detailed account. After a four month stay in the hospital she was- 
well enough to be discharged to a home arranged by old age assistance. 

Advanced arteriosclerosis in a 75 year old woman must be considered 
as etiologically significant. 

Case 3. — M. R., a woman aged -67, was admitted to the hospital on Oct. 13, 
1938, The family and past histories were not remarkable. About two years 
previous to admission it was noted that the patient began to neglect herself, which 
was decidedly in contrast to her previous habits. She was also noticed talking 
to herself as if she were speaking to several persons at a time. A few months 
previous to admission she began to go to the outpatient department of a general 
hospital to be treated for iritis, arthritis and hypertension. She complained par- 
ticularly of vertigo, for which she was given elixir of three bromides (dose not- 
stated). Within a month her behavior became even more peculiar. She wandered 
about the streets and became forgetful and confused. Occasionally she stopped 
in front of strange people on tire street and speculated in a loud voice what was- 
wrong with them. Several days before admission she stopped eating. 

On admission she was drowsy, sleeping day and night and needing to be 
awakened for feeding. When her drowsiness decreased she appeared depressed, 
crying easily with no provocation. There was no evidence of hallucinations or 
delusions. She was disoriented and confused, and her memory was defective. 

Physical examination revealed a sluggish pupillary reaction to light and in 
accommodation, h 3 Teractive tendon reflexes, gross tremor of the fingers, a ques- 
tionable Hoffmann sign on the left and bilateral knee and ankle clonus, more 
pronounced on the left. Her speech was thick. The blood pressure was 170- 
systolic and 80 diastolic, and there was striking peripheral sclerosis. There was 
a faint systolic murmur at the apex and over the aortic area. She had bilateral 
nontoxic adenomas of the thyroid. The bromides of the blood serum measured 
270 mg. per hundred cubic centimeters one week after admission, 190 mg. four 
days later and 140, 88 and 44 mg., respectively, per hundred cubic centimeters 
at successive weekly intervals. With treatment the mental state gradually cleared; 
in about six weeks there was no evidence of psychosis, and only a moderate degree 
of memory impairment was the residual defect. 
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The advanced arteriosclerosis ought to be considered as etiologically 
highly significant in this case. Habit deterioration, referable to the 
advanced cerebral arteriosclerosis, was of two years’ duration and con- 
siderably antedated the use of bromides. It is remarkable, however, that 
after the signs of bromide poisoning disappeared the patient returned 
to a state which was apparently better than that which preceded the 
use of bromides. 

Case 4.— F. T., a white woman aged 65, was transferred from a general 
hospital on Aug. 3, 1939. The patient’s mother died at the age of 50 of carcinoma 
of tlie stomach, and one of the patient’s daughters died at 40, also of carcinoma 
of the stomach. The patient was operated on for uterine fibroids, but otherwise 
she had apparently been well until two years ago, when she began to suffer from 
attacks of angina pectoris. In 1938 her husband died, and she began to suffer 
from “nen^ousness” and insomnia. Without consulting a physician, she began to- 
take bromides (sodium bromide, 2 teaspoonfuls daily) more or less regularly from 
September 1938 until shortly before her admission to this hospital. In the latter 
part of July 1939 she refused to eat, became confused and drowsy and staggered 
when walking. On July 27, 1939 she was admitted to a general hospital. There 
her illness ran a febrile course, and she was suspected of having a pneumonic 
process. In the hospital persecutory delusions developed, the patient believing 
that attempts were being made to poison her. She was then transferred to this 
hospital. Here she was greatly confused and disoriented and showed defects of 
memorj’’, but there was no definite evidence of hallucinations or delusions. 

Physical e.xamination revealed dehydration, evidence of arteriosclerosis, mod- 
erate cardiac enlargement to the right and dulness and rales at the bases of both 
lungs. The first record of the bromide level of the blood serum, dated hvo weeks 
after admission, was 217 mg. per hundred cubic centimeters; a week later it was 
54 mg. per hundred cubic centimeters, and after an additional three days, 47 mg. 
per hundred cubic centimeters. 

The patient’s condition cleared rapidly, and on the twenty-seventh day after 
admission she was discharged as recovered from the psychosis. 

The arteriosclerotic process seemed to be the chief predisposing" 
factor in this case. It was also important that the patient had had 
insufficient nourishment and probably an inadequate intake of fluids 
for some days before admission to the hospital. 

Case S. H. H., a white woman aged 66, was transferred from a general 
hospital to this hospital on July 28, 1941. 

Both ^ parents of the patient were said to have suffered from hypertension. 
The patient had always been nervous and worried constantly. Her past history 
was otherwise not remarkable. In the last few years she had suffered from 
headaches and tinnitus associated with hypertension. A month before her admis- 
sion she had what was said to be a slight shock; she became semistuporous and 
fell to the floor. There was no paralysis. For a few days she was kept in bed 
and treated with bromides (amount not stated). Soon she was able to be up and 
a out, but the bromide medication was continued. She became increasingly 
rowsy, and on July 23, 1941 she was admitted to a general hospital. There she 
ecame confused, disturbed and hallucinated and was transferred to this hospital, 
n admission her speech was slurring. She was resistive, occasionally assaultive. 
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and confused, fearful and apprelicnsive. She spoke vaguely of threatening visita- 
tions and religious pictures on the wall. 

Physical exatnination revealed the following positive signs ; sclerosis of the 
peripheral vessels, a blood pressure of 196 systolic and 90 diastolic and mod- 
erate cardiac enlargement to the left. 

The bromide level of the blood scrum on the day following admission was 
254 mg. per hundred cubic centimeters (bromide content of the spinal fluid 104 
mg. per hundred cubic centimeters). The amount of bromide in the blood decreased 
relatively rapidly, and in thirty-two days the patient was considered recovered 
from the psychosis. 

This seems to be a rather clear case of bromide poisoning' super- 
imposed on hypertension and generalized arteriosclerosis. 

The 5 patients in this group were all women. Their ages ranged 
from 59 to 75 3 'ears, with an average of 66.4 years. In all 5 patients 
the physical signs of arteriosclerosis were conspicuous. Two patients 
presented definite psychotic features before any use of bromides. These 
features consisted in 1 patient (case 3) of severe habit deterioration 
and in another (case 1 ) of a paranoid condition, beginning at the meno- 
pause and persisting for about ten years. The second patient also showed 
habit deterioration of several years’ duration. All patients recovered 
from the immediate toxic effects of the bromides, but the underlying 
personality disturbances persisted in those patients in whom they were 
present before the bromide incident. The highest bromide levels in the 
blood serum recorded for these 5 patients ranged from 60 to 270 mg. 
per hundred cubic centimeters, with an average of ISO mg. per hundred 
cubic centimeters. 

ALCOHOLISM AS A PREDISPOSING FACTOR 

Case 6. — W. C., a man aged 58, was 'transferred from a general hospital to 
this hospital on June 1, 1937. He had been a heavy drinker since the age of 18 
years. When intoxicated he was noisy and abusive. On six previous occasions 
he had been confined in a general hospital with delirium tremens. Seven years 
ago, for a short period, he was an inmate of the Worcester State Hospital, and 
at that time his condition was diagnosed as alcoholic psychosis. The patient 
claimed that for the past year and a half he had not been drinking at all. For 
the last three years he has been taking daily 2 fluiddrachms (7.4 cc.) of a mix- 
ture of potassium bromide and chloral hydrate containing 12 grains (0.9 Gm.) 
of each to the fluiddrachm (3.7 cc.). He had increased this amount to 3 or 4 
teaspoonfuls daily for a week or two preceding his admission. On May 15, 1937 
he again began to drink heavily and became weak and tremulous. On May 21 
he became extremely confused and expressed the belief that he had killed some 
one. On May 27 he was taken to a general hospital, where he became deluded 
and excited and for that reason was transferred to this hospital. 

On admission his gait was staggering and his speech slurred. He was excited 
and shaky and refused to eat. He stated the belief that people were standing 
behind him with a gun. He was afraid that he was going to be killed and that 
the water basins were filled with poison. He was greatly disoriented, ' and his 
memory and comprehension were defective. , 
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Physically he appeared poorly nourished and dehydrated, the lips and tongue 
being crusted. The blood pressure was 160 systolic and 90 diastolic. There was 
some sclerosis of the peripheral vessels, but the retinal vessels were fairly normal. 
The liver was enlarged 1 fingerbreadth below the costal margin. The knee jerks 
were hyperactive. 

The bromide level of the blood serum was 109 mg. per hundred cubic centi- 
meters one week after admission, 94 mg. five days and 30 mg. after an additional 
twelve days. On the twenty-sixth day after admission he was discharged from the 
hospital. At that time bis condition was completely clear. 

Catamiiestic Note. — Fifteen months later the patient was again admitted to 
this hospital. The diagnosis at this time was "without psychosis; alcoholism.” 

It is difficult to state which part of the symptomatology was due to 
bromides and which part was due to alcohol. The latter factor has to be 
weighted rather heavily in an etiologic consideration : There were a long 
history of alcoholism, six admissions to the hospital for delirium tremens, 
one admission to a mental disease hospital for alcoholic psychosis pre- 
vious to the episode of bromide intoxication and another admission for 
alcoholism following this episode. During the two weeks preceding hos- 
pitalization there was an increase in the bromide intake, but the alcohol 
habit was also resumed. Dehydration and malnutrition may also be 
considered as contributing factors. 

Case 7. — P. O’L., a man aged 39, was transferred from a general hospital to 
this hospital on Oct. 29, 1938. 

The patient’s father was alcoholic and died at the age of 33 of tuberculosis. 
His mother, who was described as “hysterical,”' suffered from diabetes and liyper- 
' tension. The patient was the youngest of 6 siblings, 2 of Avhom died in infancy ; 
the oldest brother died of “alcoholism”; another brother was admitted to this 
hospital for dementia praecox and died here of pulmonary tuberculosis, and 
another brother also had tuberculosis as well as a “nervous breakdown” after 
being graduated from college. The family lived in a very poor environment, and 
the home situation was extremely chaotic. The patient was described as having 
been an incorrigible child. He finished the ninth grade, when he was removed 
from school because of truancy and other behavior problems. He had various 
jobs, mostly laboring ones, all over the country. He had been a heavy drinker 
of alcohol since the age of 16, and had a record of more than fort/ arrests for 
drunkenness and fifteen arrests for breaking and entering. He had spent six years of 
his life in jail. On three occasions he was admitted to a general hospital with 
delirium tremens. In 1924 he became addicted to morphine, taking as much a 
30 grains (1.95 Gm.) a day. In 1930 he was taking 14 to 16 grains (0.91 to 
1.04 Gm.) of diacetyl morphine and was admitted to a general hospital. After that 
he became a heavy user of barbital. 

The patient had had one previous admission to this hospital, in 1936. At that 
time the diagnosis was alcoholic psychosis. On May 15, 1938, after the expira- 
tion of one year’s trial visit, he was discharged from the hospital. The hospi- 
talization to be discussed took place on October 29 of the same year. The patient 
stated that just at the time he had previously been discharged from the hospital 
his mother died and he decided to take drugs again “to forget.” He started with 

grain (0.032 Gm.) of morphine sulfate, increasing the dose until in about five 
months he was using 15 to 25 grains (0.975 to 1.525 Gm.) daily. He neglected 
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himself, ate poorly and lost weight. Finally, he voluntarily entered a general 
hospital on Oct. 1, 1938. Here the dose of morphine was gradually reduced 
until the patient was not receiving any of the drug. He became restless, agitated 
and assaultive. In the hospital he was suspected of having drugs smuggled in to 
him by his friends. 

On admission to this hospital he was irritable, suspicious and antagonistic. 
His speech was slurred and his gait staggering. He had a “picket fence” tem- 
perature, which ranged from 90 to 100.6 F., down at night and up in the morning, 
with an accompanying variation in pulse rate of 45 to 108 per minute. He was 
extremelj’’ nervous, tremulous and agitated. A few days after admission he broke 
out with what was apparently a bromide rash. Two days after admission the 
bromide level of the blood serum was 145 mg. per hundred cubic centimeters. 
Four to six weeks after admission he no longer showed any gross signs of 
psychosis. 

The following’ factors are relevant for etiologic consideration : (1) 

possibility of a constitutional weakness because of the patient’s extremely 
poor family stock; (2) psychopathic personality; (3) history of chronic 
alcoholism, with three incidents of delirium tremens and a previous 
alcoholic psychosis; (4) addiction to various drugs, and (5) withdrawal 
of mdrphine at the onset of the present episode. 

Case 8. — A. W., a woman aged 55, was transferred from the Boston Psycho- 
pathic Hospital to this hospital on Dec. 17, 1940. The prepsychotic history was 
scanty and not remarkable. From puberty she had taken whisky to relieve men- 
strual pains, but, according to her statement, she did not drink at other times 
until her father died, in April 1940. Since then she had been drinking exces- 
siveh'. On November 27 she collapsed on the street and was taken to a general 
hospital in a stuporous condition. There she became unmanageable, and on Dec. 4, 
1940 she was transferred to the Boston Psychopathic Hospital. There she was 
confused, stuporous and disoriented and soon became hallucinated, seeing dogs 
and elephants, and she expressed the belief that the nurses were going to kill her. 

Physically, she appeared dehydrated, and the tongue was covered with crusts 
of sordes. Gait was unsteady and speech slurred. The reflexes were hyperactive. 
The heart was slightly enlarged. The bromide levels of the blood serum were 
240 mg. per hundred cubic centimeters on December 9, 95 mg. on December 27 
and 23 mg. on January 30. 

The patient gradually improved, so that on Feb. 20, 1941 she was released 
on a trial visit. A recheck of her condition six months after her release did not 
reveal any gross signs of psychosis, but she had many childish ideas and was 
rather unreasonable. 

In this case the etiologic significance of alcohol is somewhat ques- 
tionable. The postpsychotic residuals (childish behavior and lack of 
judgment) may be interpreted as indicative of some antecedent deterior- 
ative process which may have predisposed her to the bromide intoxication. 

Case 9. E. P., a man aged 48, was transferred to this hospital from a gen- 
eral hospital on May 17, 1938. The patient’s father died of cancer of the tongue 
and his mother of cancer of the stomach. Seventeen siblings were dead, all but 
3 of whom died in infancy. One brother was in a mental disease hospital, and 
1 sister had been "nervous and absent-minded” since the death of her husband. 
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The patient was a drifting sort of person. He began drinking at the age of 23, 
and at 25 he was a heavy drinker, doing his drinking alone. He had been 
arrested six times for intoxication. He had had two attacks of delirium tremens, 
one ten years and another five years before admission to this hospital, for which he 
was treated in a general hospital. He had also had a previous admission to the 
Worcester State Hospital in 1932, with a diagnosis of chronic alcoholism. 

Previous to the present admission he had not drunk for about a year. On 
May 2, 1938 he began to drink again, consuming anywhere from a pint to a 
quart (475 to 950 cc.) of liquor daily. At the same time he did not eat anything 
all dai\ On May 5 he went to a physician, who prescribed for him elixir of three 
bromides. He bought a 16 ounce (530 cc.) bottle and drank it all within one day. 
The family noticed that he was talking peculiarly. On May 8 he was taken to 
a general hospital in a stuporous condition. There he became noisy and threat- 
ening and was brought to this hospital on May 17. 

On admission he was restless and untidy and required tube feeding. Within 
three days his condition began to clear up, but there were still much disorienta- 
tion and confusion and a tendency to confabulation. 

His voice was heavy; the pupils were dilated, and the deep tendon reflexes 
were diminished. He was severely dehydrated. There were rales at the bases 
■of the lungs. A blood count revealed considerable anemia, the red cell count 
being 3,710,000 and the hemoglobin content SO per cent. The spinal fluid (on 
December 25) showed 493 cells per cubic millimeter, with 45 per cent lympho- 
cytes and 55 per cent polymorphonuclear leukocytes. The proteins of the spinal 
fluid measured 95 mg., the chlorides 742 mg. and the bromides 85 mg. per hun- 
dred cubic centimeters. The colloidal gold curve was 0012100000. Because of 
the changes in the spinal fluid, the possibility of encephalitis was considered. The 
data available in the case record are insufficient for an accurate diagnosis, but 
obviously there was present an infectious process involving the central nervous- 
system. The bromide levels of the blood serum were 186 mg. per hundred cubic 
centimeters on May 20, 180 mg, on May 23, 57 mg. on May 31 and 27 mg. on 
June 6. On June 18, 1938 the patient was released on a trial visit. By that time 
he showed no gross evidence of psychosis. 

The following factors are etiologically significant; (1) a consti- 
tutional weakness, which may be assumed because of the extremely poor 
family stock; (2) alcoholism, with two incidents of delirium tremens, 
a previous commitment to a mental disease hospital for chronic alcohol- 
ism and excessive consumption of alcohol just preceding the present 
episode; (3) physical debilitation, with lack of food for days before the 
onset of the illness and anemia, and (4) infection of the central nervous 
system. 

This group comprised 3 men and 1 woman. Their ages ranged from 
39 to 58 years, with an average of 50 years. The past histories of the 
3 men of this group were similar. Two of the men had very poor 
heredity, including the presence of cases of psychosis in the family. 
All 3 men were chronically alcoholic, with histories of excessive use of 
alcohol for periods of twenty-three, twenty-five and forty years — ^long 
enough to produce organic changes. All had repeated episodes of 
delirium tremens ; all had previous admissions to state hospitals, and 2 
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of them had had further admissions to a state hospital for alcoholism 
widiin a relatively short time after recovering from the bromide intoxi- 
cation. The history of 'the woman was quite different from that of the 
other patients in this group. She apparently had a fairly normal back- 
ground and had been drinking excessively for only about one year. It 
is likely, however, that in this case some deteriorative process preceded 
the bromide intoxication. 

All the patients of this group were admitted to the hospital in a state 
of severe dehydration, a condition which must be considered as etiologi- 
cally significant. In 1 patient there was present in addition an infec- 
tious process of the central nervous system. In another patient 
phenomena of morphine withdrawal complicated the picture. 

The highest readings of the bromide levels of the blood serum 
ranged from 109 to 240 mg. per hundred cubic centimeters, with an 
average of 170 mg. per cent. 

OTHER DISEASES OF THE CENTRAL NERVOUS SYSTEM 
AS PREDISPOSING FACTORS 

In this group are included 2 patients who showed some organic 
alterations in the central nervous system other than changes due to 
alcohol or to an arteriosclerotic process. 

Case 10. — E. H., a woman aged 43, was transferred from a general hospital 
to this hospital on July 6, 1937. She was well until about a year preceding the 
hospitalization, when she began to suffer from menorrhagia, which became pro- 
gressively worse and led finally to entrance to a general hospital on June 18, she 
being in bed for three weeks preceding hospitalization. She was restless and 
suffered from insomnia, for the relief of which bromides (dose not stated) were 
given. Exploration on June 26 revealed large fibroid masses on both sides of 
the uterus, the one on the right extending to the pelvic brim. Scrapings were 
not examined microscopically. After an operation the patient became so disturbed 
that she had to be transferred to this hospital. 

On admission she was acutely hallucinated and expressed the belief that the 
house was on fire and that snakes and other objects were under the bed. She 
misidentified people and was completely disoriented for time and place. She was 
extremely restless, with anxiety and apprehension. 

Ph 3 ^sical examination showed inequality of pupils, with poor reaction to light. 
There was an apical systolic murmur, which was forced and blowing in char- 
acter, and the pulse was rapid (102 per minute). Fluid output was low, and the 
Mosenthal test showed variations in specific gravity of 1,008 to 1017. Gyneco- 
logic examination revealed that the uterus was five times the normal size. The 
diagnostic impression was fibrosis uteri. 

The bromide levels of the blood serum were 206 mg. per hundred cubic centi- 
meters on the day of admission, 85 mg. one week later and 58 mg. after an 
additional two days. The bromides of the spinal fluid were 128 mg. per hundred 
cubic centimeters on the day of admission and dropped in two weeks to 24 mg. 
per hundred cubic centimeters. 
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The patient’s condition began to clear after about ten days, and on the 
fortieth day she was discharged from the hospital as recovered from the psychosis. 
However, five days after leaving tlie hospital she became acutely ill with a chill, 
stiff back and a bilateral Kernig sign. She was taken to a general hospital. 
Spinal puncture relieved her pain, and she was slightly better. After one week 
in the hospital, however, she had convulsions for a few minutes, after which she 
was unconscious, with shallow breathing and extremely rapid pulse. On lumbar 
puncture the fluid shot out under great pressure. Half an hour after the lumbar 
puncture she died. 

Autopsy revealed acute endocarditis, enlargement of the liver and spleen, 
uterine fibroids, infarct of the left kidney and acute bilateral pyelitis. The 
condition of the brain and meninges was as follows ; The dura was thickened 
and firmly adherent to the calvarium; the spinal fluid was bloody. There was 
a hemorrhagic area over the left frontal region, and the dura was thick and 
adherent to the surface of the brain. Section in the parietal region, just posterior 
to the hemorrhagic area, revealed a well organized clot, the size of a small egg, 
surrounded by an area of softening and necrosis, which was well walled off and 
did not enter the lateral ventricle. In the posterior portion of the right parietal 
lobe there was an area of softening 6 by 5 cm., which entered the lateral ven- 
tricle. The brain substance in this area was completely absorbed. 

Apparently, an actue flare-up of bacterial endocarditis was respon- 
sible for the hospitalization of the patient, which took place a week pre- 
vious to her death. (No blood cultures were made.) The recent cerebral 
hemorrhage in the left frontal region was apparently a sequela of the 
endocarditic process. Of greater interest from the present point of view 
are the extensive lesions on the right and left sides of the posterior 
portion of the brain. From the autopsy report, it is evident that those 
lesions must have been present for- a considerable period, though they 
were silent as far as gross clinical manifestations were concerned. Briefly, 
this case is one in which the bromide acted on an already grossly 
impaired brain. 

Case 11. — J. S., a man aged 59, was admitted to this hospital on July 20, 
1937. The past history was not remarkable. The patient’s illness apparently 
began six months prior to admission, when he complained of chronic tiredness 
and of not being able to work as well as he used to. He was depressed and 
discouraged. Three weeks prior to admission he began mumbling unintelligibly 
and spoke of his being “watched by pictures.” 

On admission he was confused and unresponsive and had to be fed with a 
spoon.^ ^ He was greatly retarded and was almost mute, bringing forth only a 
few disjointed phrases in a hoarse whisper. When his condition began to clear, 
he showed pronounced aphasia. 

Physical examination revealed moderate general arteriosclerosis. The retinal 
vessels were sclerosed. There was an acne-like eruption over both upper extremities. 
Repeated laboratory examinations revealed a consistently positive Hinton reaction 
of the blood and a negative reaction of the spinal fluid. (The date of the 
syphilitic infection could not be accurately determined, but, judging from the 
patients vague statements, it must have occurred more than twenty-five years 
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before.) Tlie bromide levels of the blood serum were 103 mg. per hundred 
cubic centimeters on the day of adm'ission (July 21), 74 mg. on July 27, S3 mg. 
on August 4 and 0 on August 30. (The duration or the dose of bromide intake 
was not stated.) 

The patient showed gradual improvement. After three months’ residence in 
the hospital he was allo^ved to go home for short visits. After seven months 
he was released for a year’s trial visit; at the expiration of that period he was 
discharged from the hospital. Although the acute symptoms did not recur, the 
patient remained an inactive, irritable, inefficient person in need of supervision. 

The acute symptoms occurred with a moderate elevation of the 
bromide level of the blood. Definite morbid changes probably preceded 
the use of bromide and remained practically unchanged after the acute 
episode was over. It is reasonable to assume that the untreated 
syphilis, of long duration, as well as the arteriosclerotic changes, were 
highl}'- significant for the production of the clinical picture. 

PHYSICAL DEBILITY AS A PREDISPOSING FACTOR 

In a number of cases included in the previous three groups there 
were present debilitating physical conditions, such as insufficient nourish- 
ment for a period preceding the psychosis, dehydration and acute infec- 
tions. To such conditions a certain significance is ascribed as factors 
predisposing to various organic reaction types. Thus, for example, 
it has been pointed out by several authors that episodes of delirium 
tremens are often associated not only with excessive intake of alcohol 
but frequently with physicallj'- debilitating factors, such as exposure to 
cold, insufficient nourishment, acute infections or occasionally a neglected 
fracture. A similar consideration may be applicable to bromide psy- 
chosis. Though some degree of physical debilitation is more or less the 
rule in cases of bromide intoxication, in the following 2 cases it can be 
considered as a major factor. 

Case 12. — C. W., a man aged 44, was admitted to this hospital on April 11, 
1937. His father was alcoholic and his mother a rather unstable person. He 
had been fairly well until recently. In 1936 his wife died, after which he began 
to drink, but apparently not e.xcessively. The present difficulties began with the 
following episode. On March 26, 1937 he left his 11 year old daughter in a 
movie theater, intending to call for her at 10:30 p. m. After having a few 
drinks, he picked up a prostitute in a tavern. While riding with her in a taxi 
he was in an automobile accident, sustaining an injury to his leg. He was taken 
to a hospital, but left against advice, being afraid of a scandal. At home his 
leg began to swell, and a physician was called. A diagnosis of fracture was 
made. He was worried about the drinking episode and became restless and 
sleepless. For relief of this condition he was given bromides (amount not stated). 
On April 4 he became irrational and excited, and on April 11 he was brought 
to this hospital. 
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On admission he was in a deep stupor. When aroused he was confused 
and disoriented, felt tlie floor sliding, saw rows of women beside him, saw people 
bleeding, etc. 

Physically he was dehydrated. His right leg was in a cast, with fracture of 
the internal condyle of the femur. His temperature ranged from 103 to 104 F.; 
the resonance of both lungs was diminished, and a diagnosis of pneumonia 
in the midchest was made. On April 14 the red blood cells numbered 3,640,000; 
this count gradually returned to normal. On April 16 his temperature became 
nofmal, but he was noisy and said that smoke was rising from the bed. After 
this date there was rather rapid improvement; by April 22 his condition was 
entirely clear, and he was only somewhat tense and anxious. On May 2 he was 
released from the hospital as recovered. 

The bromide levels of the blood serum were 400, 241, 133 and 68 mg. per 
hundred cubic centimeters on April 13, 16, 20 and 27 respectively. 

Because of the high bromide level of the blood serum, the factor of 
intoxication is most outstanding. However, the dehydration and the 
pneumonia may well be considered as contributing factors. 

Case 13. — B. D., a woman aged 46, was admitted to this hospital on March 8, 
1938. One of her 2 brothers died in a mental disease hospital. The patient had 
been working very hard in supporting an invalid husband and an alcoholic brother, 
besides herself. About eight weeks prior to admission she began to complain of 
weakness and numbness of her right side. On medical advice she went to bed 
and received for sedation 2 teaspoonfuls of elixir of three bromides before each meal 
and 6 grains (0.39 Gm.) of phenobarbital daily. This medication was soon 
changed to 1 teaspoonful of the bromide three times a day and 81^ grains 
(0.55 Gm.) of phenobarbital daily. Two weeks prior to admission she began 
to eat sparingly, and during the five days preceding admission she took practi- 
cally no nourishment. She became stuporous, deluded and hallucinated and was 
brought to this hospital. 

On admission she rvas incontinent, confused and fearful of dying. She had 
the sensation of floating on thin air and expressed the belief that her spirit was 
separated from her body. 

Her temperature was 100 to 103 F. There were dulness and diminished breath 
sounds over the base of the right lung, and the roentgenographic signs were 
suggestive of bronchopneumonia. She also had cystitis, with burning and fre- 
quency and with pus and red blood cells in the urine. 

The bromide levels of the blood serum on March 9, 14, 21 and 30 were 197, 
118, 60 and 0 mg., respectively, per hundred cubic centimeters. 

The patient s condition improved gradually, and thirty-two days after admis- 
sion she was released from the hospital as completely recovered from the 
psychosis. 

Insufficient nourishment and pulmonary and bladder infection were 
in this case debilitating factors of probable significance. Constitutional 
weakness, overwork and financial worries are also to be taken into 
account. It is to be considered, furthermore, that besides bromides the 
patient also took considerable amounts of phenobarbital. 
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INVOLUTIONAL CHANGES AS A PREDISPOSING FACTOR 

In the following case psychiatric changes in connection with the 
menopause seem to have complicated the picture of bromide intoxication. 

Case 14 . — C. J., a woman aged 43, was transferred to this hospital from a 
general hospital on July 6, 1937. One brother has been in a mental disease 
hospital for twenty years. About tliree years previous to admission the patient 
began to suffer from periods of depression, which gradually increased in fre- 
quency and severity. Early in the year of admission menstruation became scanty, 
and at the same time she complained of many disturbances, such as dyspnea, 
vertigo, indigestion and palpitation. In May 1937 she was taken to a general 
hospital, where she expressed ideas of unworthiness and claimed that the food 
was poisoned. She also made a suicidal attempt there. 

On admission to this hospital she was confused and disoriented. She was 
unable to complete sentences. Later she became agitated, and she was fearful 
that she might do something to hurt herself or her children. She refused food 
and often induced vomiting artificially. She appeared to respond to auditory and 
visual hallucinations. 

The results of physical examination were essentially without significance 
except for deafness and a somewhat enlarged heart. 

The bromide levels of the blood serum were ISO, 144, 105, 48, 43, 37, 36, 33 
and 24 mg. per hundred cubic centimeters on July 14, 19 and 27 and August 9, 
11, 13, 16, 20 and 2S respectively. 

The improvement of the patient was gradual. On Nov. 13, 1937 she was, 
however, sufficiently well to be tried on a visit. On January 15 she reported 
to the hospital for reexamination. She was having short periods of confusion 
and bewilderment and was mildly depressed. 

Early in April of the following year the patient died of burns, sustained 
when her dress caught fire while she was burning some refuse in the back yard. 
While still conscious she stated that this had been accidental. 

The diagnosis of involutional melancholia, which preceded the use 
of bromides in this case and continued after the signs of intoxication 
disappeared, is obvious. Heredity may have been a predisposing factor. 
In view of the fact that the patient suffered from depression and pre- 
viously had made a’ suicidal attempt, it may be questioned whether her 
death was purely accidental. 

Case 15. — C. R., a woman aged 40, was admitted to this hospital on July 29, 
1938. During the two years preceding her present illness her menstrual periods 
were irregular, the patient having at times menorrhagia and at other times dys- 
menorrhea, which required rest in bed and application of heat. During the same 
period she was restless, irritable and upset and had crying spells. About a year 
prior to admission she went to the outpatient department of a general hospital 
with complaints of blurred vision and headaches, accompanied by “peculiar feel- 
ings.” She received “medicine for her nerves,” which she was taking 
indiscrf mi na tely. 

On admission she was restless, incontinent, confused and disoriented. She 
was afraid that the water was poisoned and refused to drink it. She thought 
that her enemies had blinded her boy. She had a rapid heart rate and hyper- 
active reflexes, but no other physical signs. 
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The bromide levels of the blood serum on July 30 and August 11 and 22 
were 254, 60 and 33 mg., respectively, per hundred cubic centimeters. She was 
released from the hospital on Feb. 25, 1939. Clinical examination one year later 
did not reveal any gross signs of psj'chosis, but she complained of headaches and 
blurred vision and had occasional temper tantrums. 

The complaints preceding and following the bromide episode were 
apparently indicative of early involutional changes. The mental con- 
dition in this case was much milder than that in case 14. 

Case 16.— C. P., a man aged .48, was admitted to the Boston Psychopathic 
Hospital on Jan. 27, 1941 and was transferred to this hospital on January 29. 
There was a history of several years' duration of such complaints as depression, 
“foglike” states, pain about the heart, choking spells, insomnia and fatigability. 
Because of these disturbances, the patient's business (shoe repair) gradually 
decreased, and finally he sold his shop, two years before his present illness. 
Since that time he had stayed around the house, doing practically nothing. His 
condition became worse. Finally he became confused and excited. There was 
a vague history of the patient’s having taken “pills” for insomnia for two or 
three years. 

On admission he was somewhat confused; his speech was slurred, but relevant 
and coherent. He was apprehensive and bewildered. He had paranoid notions 
that people were trying to harm him and that they were speaking about him in 
a sexually insulting and profane manner. 

Neurologically, he showed dilated pupils, which reacted poorly to light, tremor 
of the fingers, some swaying on performance of the Romberg test and moderate 
dysdiadokokinesis. On January 31 the bromide level of the blood serum was 
112 mg. per hundred cubic centimeters. 

There was rapid clearing of all neurologic signs and signs of psychosis, but 
the hj^pochondriacal complaints persisted. He was released on a 3 '^ear’s trial 
visit as improved on March 2, 1941. 

The complaints preceding the incidence of bromide intoxication, 
and in part persisting after the clearing up of this condition, were 
clearly related to involutional changes. 

Case 17. ^L. L., a woman aged 46, was admitted to this hospital on Sept. 11, 
1937.^ Her father was alcoholic and died of tuberculosis. The patient had tuber- 
culosis of the spine at the age of 12 years. When she was 20 she began to 
run about with a ‘wild bunch of men.’ ” She also began to take various drugs. 
In 1919 she made a suicidal attempt and was admitted to this hospital. At that 
time a diagnosis of psychosis due to morphinism was made. Not much was 
kno\yn about her adjustment in subsequent years except that in 1922 she had an 
illegitimate pregnancy and she frequently used drugs. 

Six months previous to admission she had amenorrhea. On Sept. 7, 1937 she 
was found in a deep stupor, from which she could not be aroused, and she was 
taken to a general hospital. Four days later she was brought to this hospital. 

On admission she was disoriented and misidentified people. Her memory was 
giossly impaired. She saw black people and an Indian with feathers in his hair. 
She expressed the belief that people were trying to kill her. 
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She appeared poorly nourished and severely dehydrated. There were pro- 
nounced kyphosis and scoliosis, deformity of the chest, displacement of the heart 
to the right and a systolic murmur over the base. The tendon reflexes were 
hyperactive. 

The bromide levels of the blood scrum on September 15, 20 and 27 were IPS,. 
151 and 69 mg., respectively, per hundred cubic centimeters. 

On Oct. 7, 1937 the patient was found to have recovered from the acute symp- 
toms of psychosis, and she was discharged on a year’s trial visit. About two- 
months after leaving the hospital she complained of “hot flashes,” nervousness 
and prolonged uterine hemorrhages. 

Before the expiration of the year’s trial visit, on July 27, 1938, she was returned 
to this hospital in a state of fear and with vivid hallucinations. The bromide 
levels of the blood serum on July 28 and August 2, 8, 13 and 22, were 327, 321, 
260, 106 and 36 mg., respectively, per hundred cubic centimeters. She was again 
released from the hospital on Aug. 30, 1938. 

Subsequentlj', the patient had two more admissions to this hospital : one in 
1940, with the diagnosis of "psychosis due to plienobarbital," and one in 1941, 
when the diagnosis was “no psychosis ; addiction to amytal.” 

There were many factors of probable etiologic significance in the 
case of this extremely maladjusted woman, so that it is difficult to decide 
which is to be considered the most important. The two episodes of 
bromide intoxication were coincident with the menopause. The follow- 
ing factors have also to be taken into account: (1) poor heredity; (2) 
chronic maladjustment, which may have been largely a reaction to her 
ph)''sical deformity; (3) personality change, at the age of 20; (4) 
addiction to various drugs (morphine, amytal, phenobarbital), which 
led to state hospital admissions, in addition to the two bromide episodes, 
and (5) severe physical debilitation with dehydration at the time of 
admission. 

In this group, in which involutional changes are considered as a 
dominant contributing factor, belong the cases of 3 women and 1 man. 
Their ages were beteween 40 and 48 years, with an average of 44.2 
years. The highest readings for the bromides of the blood serum ranged 
from 112 to 254 mg. per hundred cubic centimeters, with an average 
of 160 mg. per hundred cubic centimeters. In case 14 there were 
definite symptoms of involutional melancholia. In cases 15 and 16 
increased fatigability and hypochondriac complaints, such as blurred 
vision and headaches, prevailed. In case 17 the menopausal disturbances 
were somewhat obscured by a number of other pathologic features (psy- 
chopathic personality; drug addiction). 


RELATIVELY UNCOMPLICATED BROMIDE INTOXICATION 

The remaining 4 cases fall into this group. Although a psychiatrically 
significant condition was present in each case, the relation of such a 
condition to the s3TOptoms of bromide intoxication, if any, is less clear 
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than in the previously reported cases. Brief summaries of these cases 
are now given. 

Case 18.— M. C., a woman aged 31, was admitted to the Boston Psycho- 
pathic Hospital on Sept. 29, 1941 and was transferred to this hospital on Octo- 
ber 7. The patient had had epileptic seizures since infancy. She had been treated 
with phenobarbital and dilantin, to which a few months before admission bromide 
was added. She took the latter in solution, without measuring the dose. Before her 
admission to the hospital she was noted to be bumping into furniture. Then she 
became confused and had auditory and visual hallucinations. 

The bromide levels of the blood serum on October 2, 11, 17, 27 and 31 were 
310, 199, 116, 60 and 35 mg., respectively, per hundred cubic centimeters. On admis- 
sion she was fearful and spoke in an incoherent fashion, stating that people were 
accusing her of sexual misbehavior. Her condition cleared rapidly. On Novem- 
ber 8 she was completely recovered from the psychosis and was released from 
the hospital. While she was out of the hospital she had frequent seizures and 
was treated again with bromides. The only untoward signs she observed were 
itching of the palms and soles and acne-like eruptions on her face and neck. 

In this case the toxic effect of the bromide was the outstanding 
factor. The bromide level of the blood serum three days after admis- 
sion was still 310 mg. per hundred cubic centimeters. It is questionable 
whether or not epilepsy can be regarded as an important contributing 
factor. Some authors claim that epileptic persons have a greater than 
normal tolerance for bromides.^ On the other hand, confusion and 
twilight states are frequent in cases of epilepsy, and it may be difficult 
to differentiate clearly these symptoms from those of a bromide intox- 
ication. 

Case 19. — A. L., a woman aged 28, was admitted to this hospital on Aug. 28, 
1938. Data on the past history were scanty. She was married ten years ago, 
but for the past five years she had been going out openly with another man. 
Ten months ago she was separated from her husband. She had 1 living child 
and had had 1 stillbirth and 1 miscarriage. She had been a heavy user of bromo- 
seltzer (a preparation containing sodium bromide, acetanilid and caffeine) for the 
last nine years. Three or four weeks previous to admission she was observed 
to be acting queerly. Her walk was staggering, and her speech became difficult 

to understand. She expressed the belief that the neighbors were calling her 
■evil names. 

taken to a general hospital, where there developed the 
elusion that she was being framed and she became wildly excited. 

On admission to this hospital she was ataxic and confused and talked inco- 
erently in a husky voice. She was fearful and expressed the belief that she 
was going to die. She was disoriented, and her memory was defective. 

The bromide levels of the blood serum on August 24, 30 and 31 and on 
eptember 6 were 247, 129, 46 and 0 mg., respectively,, per hundred cubic centi- 
meters. On admission large amounts of bromide were found in the gastric con- 

2. Bing, R. ; Textbook of Nervous Diseases, St. Louis, C. V. Mosby Com- 

Novick, R. G. : Study of the Treatment of Epilepsy, 
Illinois M, J. 74:366-369, 1938. 
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tents. Two weeks after admission to this hospital her condition was completely 
clear. She was discharged from the hospital on Sept. 25, 1941, as recovered. 

There is sufficient indication of neurotic difficulties in this case, but 
the relation of these disturbances to susceptibility to bromides is 
questionable. 

Case 20. — E. D., a woman aged 37, was transferred from a general hospital 
to this hospital on Sept. 20, 1940. Since the beginning of August 1940 the 
patient had nursed her sick husband, staying up nights. In addition, she had to 
take care of the household and the children. She began to take Stanback tablets, 
each tablet containing 7 grains (0.46 Gm.) of potassium bromide. About Sep- 
tember 10, according to one report, she took 50 tablets (22.7 Gm.) within three 
days and, according to another, 300 tablets (136.5 Gm.) within one week. She 
became drowsy, and on September 12 she was taken to a general hospital, where 
she became confused and hallucinated. 

On admission to this hospital the patient appeared ill and exhausted. Speech 
was retarded and slurred, and the gait was unsteady. She was somewhat dis- 
oriented, but there was no evidence of hallucinations. Her face and neck were 
covered with an acne-like eruption. The deep tendon reflexes were hyperactive, 
and there was a positive Romberg sign. 

The bromide levels of the blood on September 21 and 26 and October 18 were 
199, 98 and 64 mg., respectively, per hundred cubic centimeters. 

I One week after admission all physical and mental symptoms had subsided. 
She was discharged from the hospital as recovered on October 23. 

This case appears to be one of uncomplicated bromide intoxication. 

Case 21. — E. B., a woman aged 45, was brought to this hospital from a 
general hospital on April 14, 1939. The patient had always been an unstable 
person, subject to severe emotional upsets. At the beginning of March 1939 she 
was restless, suffered from headaches and received some bromides. On March 
10 her headaches were diagnosed as due to sinus trouble, and she was admitted 
to a general hospital. There she received three bromides (dose not stated). 
During the last week there the tentative diagnosis of “psychosis on an organic 
basis, with diffuse cerebrospinal lesions” was made, and she was referred to this 
hospital. 

On admission she appeared drowsy and spoke in a monotonous voice, with 
some tendency to incoherence and irrelevance. Her mood was that of depression. 
She stated that people were accusing her of having an illegitimate child. She 
was hallucinated and saw biblical scenes. She was only partially oriented, and 
her memory was defective. 

Neurologically, she had spells of strabism and ptosis of the eyelids, which 
disappeared. The tendon reflexes were somewhat diminished. 

The bromide levels of the blood serum on April 17, 20, 21, 22 and 25 and on 
May 1 and 8 were 269, 207, 171, 56, 54, 22 and 0 mg., respectively, per hundred 
cubic centimeters. 

There was gradual improvement in the patient’s condition. On May 16, 1939 
she was approved for one year’s trial visit. By that time she was completely 
clear. 

No definite relationship appeared to exist between the complaints 
preceding bromide intoxication and the ps}''chotic episode. 
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Of the 4 patients in this group, 3 were women and 1 was a man. 
They belonged to a younger age group than did the other patients of this 
study, their ages ranging from 28 to 45 years, with an average of 35.2 
years. These 4 patients presented no major gross contributing factors 
comparable to those reported for the other groups. Theie was indirect 
evidence that in this group the bromide factor may have been more 
important than in the other groups. The averages of the highest 
bromide levels in the blood serum for the major groups with compli- 
cating factors were as follows: arteriosclerosis, 180 mg.; alcoholism. 
170 mg., and involutional changes, 160 mg. per hundred cubic centi- 
meters, while for the present group this value was considerably higher, 
namely, 281 mg. per hundred cubic centimeters. 

COMMENT ' 

The main purpose of this study is to shed light on the significance 
of predisposing factors in cases of bromide intoxication with psychotic 
s 3 miptoms. Before the main topic is discussed, a number of other obser- 
vations gathered from my case material may be mentioned. 

The patients in this series belonged to an age group ranging from 
28 to 75 years, with an average of 49.5 3 ^ears. ' This incidence is largel}'' 
in agreement with the figures given by Moore, Sohler and Alexander,® 
who stated that ''the greatest incidence of bromide intoxication occurs 
between 40 and 60 years of age.” 

Of the 21 patients, 15 were women, and only 6 were men. Although 
the group is too small to allow one to draw any statistically valid con- 
clusion, the marked prevalence of women in the group is suggestive. A 
similar distribution of the sexes for bromide intoxication has been 
reported in the literature by several authors. Moore, Sohler and 
Alexander,® in reviewing 100 cases of bromide intoxication previousl 3 '^ 
reported in the literature, found 64 women and only 36 men. In each 
of my larger subgroups the number of women dominated, with the 
exception of the cases in which alcoholism was a complication. 

The history related to the use of bromides, i. e., the dose and the 
duration of use of the drug, was in most instances rather vague in my 
material. The highest readings of bromide levels in the blood serum 
obtained for the patients ranged from 60 to 400 mg. per hundred cubic 
centimeters, with an average of 201 mg, per hundred cubic centimeters. 
It is, however, to be noted, that these figures do not actually represent 
the highest level ever reached by the patients. Often there was several 
days delay in the bromide determination. In addition, several of the 
patients were transferred from general hospitals, and thus the bromide 

3. Moore, AI. ; Sohler, T., and Alexander, L. : Bromide Intoxication : Review, 
Confinia neurol. 3:1-52, 1940. 
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level was alread}^ below the maximum when they arrived at this hospital, 
except for those patients who received additional bromide medication in 
the general hospital. This consideration appears significant in evaluat- 
ing the various statements .occurring in the literature with regard to the 
toxic level of bromides in the blood serum. The disagreement which 
exists on this point may be due, in part, to differences in the length of 
time elapsing between the discontinuance of bromide intake and the 
laboratory determination of the bromide level of the blood serum. It is, 
however, safe to assume that the actual toxic level is considerably higher 
than is generall)'^ reported in the literature. In most instances it is impos- 
sible to obtain the true peak of the bromide level reached in a given case. 
It would be possible, however, to arrive at an approximate estimate of 
the true peak b}'- making a correction based on the average rate of elimina- 
tion and the time elapsing between the cessation of bromide intake and 
the laboratory test. Granted that the estimated figures are inaccurate, 
such figures would still be more representative and afford a better basis 
for comparison than the data aA'ailable in the literature at present. 

The psychotic symptoms in my cases were fairly uniform and con- 
sisted mainly of three types : 

1. Clouding of consciousness (confusion, disorientation and drowsi- 
ness) was the most constant symptom. 

2. Hallucinatory and delusional experiences were present in the 
majority of cases. The hallucinations were visual and auditory, the 
former being somewhat more frequent and more vivid. The delusions 
were never systematized to any exent, and their content almost inA’^ari- 
ably referred to a threat to the patient’s life. (“People are trying to 
kill me”; “they are trying to poison me,” etc.) 

3. The emotional reaction Avas typically that of fear, and occasionally 
that of excitement. 

Of the neurologic signs, thickened speech and ataxic phenomena 
were the most frequent. There were no typical and consistent changes 
in the reflexes in these cases. The tendon reflexes Avere occasionally 
increased, but at other times they were diminished or unchanged. 

Acneform skin eruptions (“bromide rash”) Avere observed in only 
a few cases, and, judging from this material, the symptom ig far from 
being as characteristic and frequent as some Avriters have claimed. On 
the other hand, it is possible that such a common lesion is not recorded 
by the physician unless it is of considerable extent. 

The psychiatric picture as described is clearly that of an organic 
psychosis. The differentiation of the symptomatology from that of toxic, 
infectious, metabolic and other organic conditions which are character- 
ized by clouding of consciousness and delirium is hardly possible on 
the basis of the clinical picture alone. The psychiatrist usually feels 



ANGYAL— BROMIDE INTOXICATION 


379 


confident in making a diagnosis of “psychosis due to bromides” only if 
the laboratory tests reveal a sufficiently high bromide level in the blood. 
Even in the latter case, however, often some reservation is made as to 
the final diagnosis pending the results of the therapeutic test. This is, 
indeed, reasonable, since the acute symptoms easily can mask an under- 
lying condition of even greater etiologic significance than the intoxication 

itself. 

In connection with the problem of differential diagnosis, it seemed 
to me worth while to inquire what are the common indications which 
lead the psychiatrist to suspect bromide intoxication in a given case. 
During the five year period to which the present study refers, the physi- 
cians requested bromide determinations in the cases of 83 newly admitted 
patients, in addition to the 21 cases which are discussed in this paper. 
An analysis of these cases reveals that bromide determinations were occa- 
sionally requested because it was known that the patient had been 
taking the drug for some time. In most instances, however, the request 
was made because a patient showed clouding of consciousness and 
delirium. The final diagnosis in 31 of the 83 cases was cerebral arterio- 
sclerosis. The patients showed much confusion, disorientation and 
bewilderment. The other cases belonged to the following diagnostic 
categories: psychosis due to drugs (other than bromides, chiefly bar- 
bital), alcoholic hallucinosis, psychosis due to metabolic disease (toxic 
delirium, puerperal psychosis, etc.), psychosis with syphilitic meningo- 
encephalitis, dementia paralytica, involutional melancholia, psychoneu- 
rosis (chiefly hysteria with confusion), schizophrenia (acute catatonic 
states with clouding of consciousness) and manic-depressive psychosis. 

In a survey of the cases in which bromide intoxication was suspected, 
two points stand out clearly; 1. In the great majority of cases the same 
conditions were present which appeared to be predisposing and compli- 
cating factors in the series of the 21 cases in which the diagnosis of psy- 
chosis due to bromides was actually made. In other words, the organic 
reaction types (arteriosclerotic, alcoholic, infectious, toxic, etc.) make up 
a large percentage of the conditions in cases in which bromide intoxica- 
tion is suspected, as well as in cases of actual bromide intoxication. The 
significance of this relationship will be clarified later. 2. In the cases in 
which bromide intoxication u^as suspected, there were, in addition to 
organic psychosis, a considerable number of functional mental disorders, 
particularly schizophrenia (13 cases), while in my group of 21 cases of 
actual bromide intoxication there was none in which schizophrenic 
psychosis complicated the clinical picture. The reason for this is obvious. 
In cases of schizophrenia, particularly the catatonic type, an initial con- 
fusional picture which somewhat resembles organic delirium is not 
infrequent. During the observation period (ten to forty days), that is. 



380 ARCHIVES OF NEUROLOGY AND PSYCHIATRY ■ 

before the official diagnosis is made, the underlying schizophrenic 
symptomatology will almost invariabty appear, and thus the first diag- 
nostic impression is corrected before the final diagnostic label is assigned 
to the case. 

In regard to the factors predisposing to bromide intoxication several 
points stand out in the present material. Among the 21 cases reported 
there were only 4 in which gross predisposing factors of definite etio- 
logic significance could not be demonstrated. The predisposing factors, 
only the most outstanding feature in each case being considered, were: 
advanced arteriosclerosis, 5 cases; severe alcoholism, 4 cases; extensive 
necrosis of the brain, 1 case; untreated syphilis, 1 case; severe physical 
debility (acute infection and deh 3 '^dration), 2 cases, and involutional 
complications, 4 cases. To several of the aforementioned conditions a 
certain etiologic significance for bromide intoxication has been ascribed 
by various authors. Arteriosclerosis was mentioned by Sharpe,^ Preu, 
Romano and Brown,® Burns,® Howe ^ and Wagner and Bunbury®; 
alcoholism, b}’' Burns,® Sharpe,^ Hunt,® Wainwright and Diethelm ; 
syphilis, by Wainwright,^® Sharpe,'* Burns® and Diethelm organic 
disease of the brain, by Levin,*® and infections, by Preu, Romano and 
Brown.® 

It is usually assumed that some of the aforementioned conditions are 
predisposing factors in bromide intoxication because of defective renal 
function, which hinders the elimination of bromides. Although this 
explanation may be applicable in certain cases, it is not probable that 
major importance generally can be ascribed to this factor. If the 
decrease of bromide elimination is the main factor, one would expect 
high bromide levels in the blood in these cases. This, however, cannot 

4. Sharpe, J. C. : Bromide Intoxication, J. A. M. A. 102:1462-1465 (May S) 
1934. 

5. Preu, P. W. ; Romano, J., and Brown, W. T. : Systematic Psychoses with 
Bromide Intoxication: Their Occurrence in Southern New England, New England 
J. Med. 214:56-62, 1936. 

6. Burns, G. C., and Henderson, J. L.: Bromide Intoxication, California & 
West. Aled. 46:392-395, 1937. 

7. Howe, H. S.: Tonics and Sedatives in Neurologic Practice, New York 
State';. Med. 39:31-41, 1939. 

8. Wagner, C. P., and Bunbury, D. E.: Incidence of Bromide Intoxication 
Among Psychotic Patients, J. A. M. A. 95:1725-1728 (Dec. 6) 1930. 

9. Hunt, E. L. : Deleterious Effects of Bromide Treatment in Diseases of the 
NervOTS System, M. Rec. 100:103, 1921; New York State J. Med. 21:255, 1921. 

10. Wainwright, C. W.: Bromide Intoxication, Internat. Clin. 1:78-95, 1933. 

IL Diethelm, o’.: On Bromide Intoxication, J. Nerv. & Ment. Dis. 71:151-165 
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12. Levin, M.: Bromide Delirium and Other Bromide Psychoses, Am. J. Psy- 

chiat. 12:1125-1162, 1933. 
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be substantiated on the basis of my material, since in many cases psy- 
chotic symptoms occurred with moderate elevation of the bromide level 
of the blood serum. 

My data suggest another mechanism for the etiologic significance of 
the aforementioned predisposing conditions. It is remarkable that my 
cases, with the exception of the group with involutional changes, were 
complicated by organic conditions which in themselves may lead to 
organic psychoses with symptoms closely resembling those of bromide 
intoxication. Several of my patients manifested signs of beginning 
organic psychosis. Others showed decidedly at least the organic symp- 
toms of such conditions as are known to be conducive to organic psy- 
chosis. My hypothesis, then, is that there is a synergistic relationship 
between the underlying organic pathology and the phenomena referable 
to bromide intoxication, both leading toward psychotic manifestations 
of the same type. They reenforce each other and lead finally to a picture 
of delirium. In this connection, it is interesting to remember that the 
3 male alcoholic patients in the present series all had previously had 
several incidents of delirium tremens. There may be justification for 
the assumption of Diethelm “ that “certain constitutional make-ups seem 
to react easily with delirium to toxic and organic damages.’/ 

The foregoing generalization applies to a certain extent, also, to the 
cases with involutional complications. The symptoms of involutional 
psychosis are often confusion, bewilderment, fear and paranoid notions 
and thus are not dissimilar to those seen in bromide intoxication. 

If the present investigation had revealed only that some psychiatric 
condition is almost invariably present in cases of bromide intoxication, 
my results would have been inconclusive. It would have shown only 
the obvious, namely, that bromides are taken largely by persons suffer- 
ing from some nervous or mental disorder. The preexisting conditions 
in our cases, however, were not neuropsychiatric disturbances of any 
type, but conditions which are known to produce by themselves symptoms 
closely resembling those of bromide intoxication. This gives the clue 
' to the interpretation previously offered. 

The most striking result of the present study is that gross morbid 
conditions were present in the great majority of the cases and that these 
disturbances were in all instances severe and meaningfully related to the 
psychotic symptoms. This result is the more significant since all such 
cases in which the official diagnostic label indicated some other factor 
complicating bromide intoxication were excluded from this study. That 
the bromide intoxication played a role in bringing about the psychotic 
episode is clear from the fact that the patients recovered from the psy- 
chosis or improved considerably after they were free of bromides. My 
data, however, seem to suggest that a distinct etiologic significance is 
to be ascribed to the preexisting pathologic condition. 
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SUMMARY 

Twenty-one consecutive patients admitted to the Worcester State ' 
Hospital during a five year period with a condition diagnosed as psy- 
chosis due to bromides were studied from the point of view of underlying 
gross predisposing factors. 

The patients belonged to an age group ranging from 28 to 75 years, 
with an average of 49.5 years. There was a distinct prevalence of women 
in the group (15 women; 6 men). 

The average level of bromides in the blood serum was 201 mg. per 
■ hundred cubic centimeters, with a range of 60 to 400 mg. per hundred 
cubic centimeters. Attention is called to the fact that this level, as well ' 
as the toxic levels given by the various authors in the literature, are in 
general considerably below the actual peak. The time elapsing between 
the cessation of bromide intake and the rate of elimination has to be 
considered in order to estimate the true height of the bromide level in 
the blood serum. 

Of the mental s 3 m'iptoms, clouding of consciousness was found to be 
the most constant. Hallucinations and delusions were present in the 
majority of the patients. The delusional ideas referred almost invariably 
to some threat to the patient’s life. The emotional reaction was that of 
fear, and occasionally that of excitement. There were no typical neuro- 
logic changes except thickened speech and ataxic phenomena. Pro- 
nounced “bromide rash” was considerably less frequent than most 
authors have reported. 

In 17 of the 21 patients severe and etiologically significant predis- 
posing factors were present. These were: advanced arteriosclerosis, 5 
. patients ; severe alcoholism, 4 patients ; untreated syphilis, 1 patient ; 
necrosis of the brain, 1 patient; physical debility (infection, dehydra- 
tion), 2 patients, and involutional complications, 4 patients. The organic' 
lesions in all patients were in a rather advanced stage. Several of these 
patients showed signs of a beginning organic psychosis previous to the 
use of bromides. 

The hypothesis is advanced that there is a synergistic relationship 
between the phenomena referable to bromide intoxication and the under- 
lying organic lesions. 

It is concluded that in the great majority of the cases a distinct 
etiologic significance is to be ascribed to the preexisting pathologic 
conditions. 

Worcester State Hospital. 



MENINGEAL GLIOMATOSIS SECONDARY 
TO INTRAMEDULLARY GLIOMA 

ROMA AMYOT, M.D. 

MONTREAL, CANADA 

Since Ollivier’s ^ publication in 1837, primar)^ sarcomatosis of the 
meninges, a diffuse infiltration of the cerebral and spinal leptomeninges 
b)' a tissue chiefly cellular and of sarcomatous appearance, has been 
Imown. Many observations confirming the existence of such a process 
were published. Then every diffuse neoplastic process in the lepto- 
meninges, apparently primary, was believed to be “sarcomatosis of the 
meninges.” 

Leusden," in 1898, reported a case of a similar lesion of the lepto- 
meninges, microscopic examination of which showed round cells which 
looked like “sarcomatous cells” but were associated with bundles of 
fibers. Not daring to deny the idea of primary sarcomatosis, Leusden, 
nevertheless, suggested a possible gliomatous participation, and even 
origin, and designated the diffuse meningeal tumor in his case by the 
name of gliosarcoma. 

Gradually, however, the importance of the concept of “sarcomatosis” 
diminished. The invasive potentialities of the intracranial glioma were 
increasingly taken into account. It was even concluded that the menin- 
geal dissemination of a neoplastic process is usually secondary to the 
presence of a glioma and that primary sarcomatosis of the leptomeninges 
is rare. Therefore the idea of secondary meningeal gliomatosis super- 
seded that of so-called primary meningeal sarcomatosis. Verdun ^ 
contributed greatly to the concept of gliomatosis of the meninges and 
expressed the assumption that the process of gliomatosis spreads in the 
leptomeninges by way of the cerebrospinal fluid after rupture of the 
ependymal surface. 

It must be emphasized that the precise identification of the diffuse 
growth in the meninges was greatly facilitated by the more complete 
knowledge of the microscopic appearance of gliomas. 

From the Hopital Notre-Dame. 

1. Ollivier, C. P. ; Traite des maladies de la moelle epiniere, ed. 3, Paris, 
Mequignon-Marvis & fils, 1837, vol. 2, p. 490. 

2. Leusden, P. : Unusual Case of Glioma of ’the Spinal Cord, Beitr. z. path. 
Anat. u. z. allg. Path. 23:69, 1898. 

, M. ; Etude anatomo-clinique sur les complications meningees 

cerebrales, Thesis, Paris, no. 201, 1912. 
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By their personal investigations and the histologic survey of cases 
previously recorded, Bailey and Cushing^ proved that the majority 
of diffuse gliomas of the meninges are medulloblastomas originating 
in the cerebellum. Thus, according to these authors, the first case 
reported, that of Ollivier, was an instance of meningeal invasion from a 
cerebellar medulloblastoma. But this rule is not without exception, as 
was illustrated in subsequent papers, particularly the interesting publi- 
cation of Cairns and Russell.® These authors reported 8 cases of intra- 
cranial and intraspinal gliomatosis of the meninges, which included 
3 cases of medulloblastoma and 5 cases of other gliomas : 1 astrocytoma 
of the thalamus, 1 of cerebellar ependymoma, 1 of cerebral glioblastoma, 
1 of unclassified glioma and 1 of neuroepithelioma of the retina. Cairns 
and Russell also cited a case of oligodendroglioma reported by Cushing, 
and a case described by Van Wagenen and another by Tdppich in 
which the meningeal invasion came from a papilloma. Therefore it 
must be concluded that the intracranial glioma, whatever its histologic 
appearance, and not medulloblastoma alone, can invade the ventricles 
and the subarachnoid spaces and infiltrate the meninges. 

In an excellent paper, Kernohan, Woltman and Adson ® stated: 

The structure of the spinal cord is essentially the same as that of the brain ; 
therefore, one would expect at least some similarity among the neoplsams arising 
from them. 

If this is so, one can presume that the intramedullaiy glioma, shar- 
ing the same characters as the encephalic glioma, is able to invade the 
meninges and give rise to the anatomicoclinical picture of “meningeal 
sarcomatosis.” In fact, the phenomenon has been observed. But the 
cases reported are few. 

We could collect only 9 such cases from the literature. Intra- 
medullary glioma is not frequent: Indeed, intramedullary tumors, 
which are not gliomas alone, represent about 22 per cent of intraspinal 
tumors according to Elsberg," who reported statistics based on 100 cases 
of his own and collected cases of other authors. In a recent article 

4. Bailey, P., and Cushing, H. : Medulloblastoma Cerebelli : A Common Type 
of Midcerebellar Glioma of Childhood, Arch. Neurol. & Psycbiat. 14:192 (Aug.) 
1925’ Classification of the Tumors of the Glioma Group on a Histogenic Base 
with a Correlated Study of Prognosis, Philadelphia, J. B. Lippincott Company, 1926 . 

5 . Cairns, H., and Russell, D. S. : Intracranial and Spinal Metastasis in 
Gliomas of the Brain, Brain 5.4:377 (Dec.) 1931. 

6. Kernohan, J. W.; Woltman, H.-W., and Adson, A. W.: Intra-Medullary 
Tumors of the Spinal Cord; A Review of Fifty-One Cases with an Attempt at 
Histologic Classification, Arch. Neurol. & Psychiat. 25:679 (April) 1931. 

7. Elsberg, C. : Tumors of the Spinal Cord, New York, Paul B. Hoeber, Inc., 

192S. 
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Rasmussen, Kernohan and Adson,® who observed 557 cases of intra- 
spinal tumor, reported 67 cases of intramedullary neoplasm, mostly 
glioma, an incidence of 11.5 per cent. On the other hand, one can 
assert that meningeal gliomatosis, or the diffuse or nodular meningo- 
ventricular metastasis arising from an intramedullary glioma, is a rare, 
almost an exceptional, phenomenon. Kernohan® observed such a 
process only once in 52 intramedullary tumors which he studied. 

One must not be amazed if the medical literature is not crowded 
with similar cases. The two first cases were reported, we believe, 
by Roux and Paviot and by Frankel in 1898. The patient of Roux 
and Paviot, aged 45, had a glioma in the cervicothoracic segment of the 
cord; the meningeal infiltration extended as far as the cauda equina. 
There were nodules on the roots, which were surrounded by neoplastic 
tissue. The authors did not mention the condition of the intracranial 
meninges. 

The patient of Frankel, aged 33, had a glioma of the cervical portion 
of the cord. The spinal meninges were invaded down to the cauda 
equina; neoplastic nodules were observed on the roots; the medulla 
was also surrounded by neoplastic tissue and the pia mater of the base 
of the brain was thickened ; anisocoria had been observed during the 
last period of the illness, which ended two months after the onset. 

The patient of Fischer,^® aged 8 years, had an intramedullary tumor 
in the lumbar region ; some metastatic growths were observed in the third 
ventricle and in the head of the caudate nucleus ; the medulla, the floor 
of the fourth ventricle and the corpora quadrigemina were also infil- 
trated. The patient died eight months after the onset. Clinical exami- 
nation had shown inequality of pupils and bilateral papilledema. 

Schlagenhaufer reported the case of a woman aged 37 who had 
a large tumor in the cervical segment of the cord; the cerebral and 
spinal meninges had been infiltrated by the tumor; the ependyma was 

8. Rasmussen, T. B.; Kernohan, J. W., and Adson, A. W. : Pathologic Classi- 
fication with Surgical Consideration of Intra-Spinal Tumors, Ann. Surg. 111:513 
(April) 1940. 

9. Kernohan, J. W. : Primary Tumor of the Spinal Cord, in Penfield, W. : 
Cytology and Cellular Pathology of the Nervous System, New York, Paul B. 
Hoeber, Inc., 1932, p. 1014. 

10. Roux and Paviot ; A Case of Tumor of the Spinal Cord : Diagnosis of 
Position by Means of Radicular Localization, Arch, de neurol. 5:433, 1898; cited 
by Firor and Ford.i8 

11. Frankel, A,: Tumors of the Spinal Meninges, Deutsche med. Wchnschr. 
24:442, 1898. 

12. Fischer, O.: Arch, f. Heilk. 22:344, 1901. 

13. Schlagenhaufer, F. ; Intradural Endothelioma in the Upper Cervical Seg- 

Physiol, d. Centralnervensyst. a. d. Wien. Univ 
1902, no. 8, p. 88. ’’ 
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thickened; there was hydrocephalus, and the cranial nerves were 
embedded in neoplastic masses; optic nerve atrophy, convulsions and 
coma marked the last phase of the illness. 

In tlie case reported by Grund,^^ that of a boy II years old, the 
condition was diagnosed as tumor of the brain ; a cervical intramedullaiy 
glioma had infiltrated the cerebral and the spinal meninges; at autopsy 
a diagnosis of tuberculous cerebrospinal meningitis was made, but after 
thorough microscopic examination the correct pathologic diagnosis was 
arrived at. The clinical diagnosis of tumor of the brain was plausible 
in view of the presence of vomiting, frontal headache, asymmetric pupils, 
papilledema, nystagmus, bradycardia and increased intracranial pressure. 
Indeed, an intracranial tumor did exist, but the mistake was with regard 
to the primary location of the tumor, which was the cord and not 
the brain. 

It must be emphasized here that it was only about 1916 that the 
potential tendency of gliomas of the central nervous S3'stem to extend 
was suspected. Besides, those tumors of the nerve parencltyina which 
infiltrate the meninges were persistently designated by the hybrid 
denomination of "gliosarcoma,” used first by Leusden.- The gliomatous 
nature and origin of the infiltrating tumors of the meninges were not 
yet accepted. 

Rutimeyer reported the case of a man aged 30 who had noticed 
gradually increasing weakness of both feet with amyotrophy of the legs. 
Three months after his admission to the hospital, vomiting and headache 
appeared ; there was increased pressure of the spinal fluid, detected by 
lumbar and ventricular punctures; the fluid coagulated and contained 
179 cells per cubic millimeter; autopsy revealed an intramedullary tumor 
in the sacral portion of the cord and neoplastic infiltration of the spinal 
meninges. The anatomic condition of the cerebral meninges was not 
mentioned in the observation. Rutimeyer identified correctly the origin 
of the gliomatosis, having verified that the neoplastic process of the cord 
had invaded the subarachnoid spaces after having pierced the pia mater ; 
he recognized also the gliomatous nature of the tumor; however, he 
expressed the belief that the glioma was malignant, a “glioma sarcoma- 
todes.” The denomination is surely not a bad one. Besides, it 
illustrates how the notion of the nature and origin of the neoplastic dis- 
semination in the meninges evolved in the mind of investigators : It was 
first thought that the diffuse growth was sarcomatosis ; Rutimeyer, in 
1920, declared that his case was one of gliomatosis. It came to be 

14. Grund, G.: The Diffuse Extension of Malignant Tumors, Especially Glio- 
sarcoma, in the Leptomeninges, Deutsche Ztschr. f. Nervenh. 31.283, 1906. 

15. Rutimeyer, W.; Glioma Sarcomatoses of Spinal End with Diffuse Glioma- 
tosis of Spinal Leptomeninges, Schweiz, med. Wchnschr. 50:1201 (Dec. 30) 1920. 
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believed, then, that gliomatosis was possible; it is known now that the 
neoplastic infiltration of the meninges is almost always gliomatosis, and 
not a sarcomatous process. 

Kernohan,^ of 52 cases of intramedullary tumors, observed infiltra- 
tion of the tumor in the leptonieninges in only 1, and then over a short 
distance upward and downward. The tumor was a medullary oligo- 
dendroglioma. 

Eden cited a case of Forster,^" that of a medulloblastoma in the 
lumbar region, which spread through the spinal and even the intracranial 
meninges. 

Eden published the case of a youth aged 19 who had gradually 
progressive paraplegia with decreased sensation; the paraplegia was 
flaccid and later spastic, with complete block of the subarachnoid 
spaces and yellow fluid. Three or four months after onset of the illness, 
the patient felt numbness of the upper limbs and vomited; there devel- 
oped some dysarthria, right hemiparesis with headache and diplopia due 
to weakness of the left external rectus muscle. These troubles vanished. 
Laminectomy revealed an intramedullary tumor in the lumbar portion 
and in the conus. The tumor was not removed. Later vision decreased ; 
papilledema was observed, and the patient became deaf and confused ; he 
had convulsions and died about the seventh month of his illness. Autopsy 
showed a gliomatous “exudate,” or growth in the pia-arachnoid over 
the cerebral hemispheres, which was particularly dense over the base 
of the brain and around the spinal cord. This gliomatous tissue sur- 
rounded the nerve roots. In the lumbar portion of the cord the tumor 
replaced entirely the medullary tissue and was continuous with the 
meningeal gelatinous growth. Microscopic examination revealed that the 
gelatinous material was tumor tissue infiltrating the leptomeninges and 
invading the sulci of the cerebral cortex, and even the Virchow-Robin 
spaces. It was obvious that the infiltrating process had its origin in 
the intramedullary tumor. 

The multicellular character of this tumor makes it difficult to place it in any 
of the usually accepted classifications of gliomas. Its cellular character suggests 
its inclusion amongst the glioblastoma multiforme group, but the lack of degenera- 
tive and characteristic changes in blood vessels seems rather to weigh against this. 

^ We present a case as a typical example of meningeal gliomatosis 
oiiginating from an intramedullary glioma, with regard both to the clini- 
cal picture and evolution and to the anatomicopathologic character. We 
believe that the clinical and pathologic facts reported may contribute to 
the study of meningeal gliomatosis arising from intramedullary glioma. 

16. Eden, K. C. : Dissemination of a Glioma of the Spinal Cord in the Lepto- 
meninges, Brain 61:298, 1938. 

17. Forster, E. : Significance of Cell Picture for Diagnosis of Tumors of 
Central Nervous System and Tumors Originating in Meninges, Ztschr f d ges 
Neurol, u. Psychiat. 126:683, 1930. 
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REPORT OF A CASE 

Georges G., aged 20, was admitted to Hopital Notre-Dame on April 10, 1937 
for a persistent pain over the sacral region. A suppurative lesion of the right 
foot, which had been present six years and was probably tuberculous, was treated 
by immobilization in a plaster cast; except for this condition, the patient had 
enjoyed good health in the past. 

The present illness, until the patient’s admission to the hospital, had produced 
sensory troubles, mostly pain. The pain was now permanent. 

In November 1936 the patient had an accident, his buttock having been wedged 
bj' a truck. For the following three days pain was felt over the sacral region. 
Afterward, the pain was present every morning for a few minutes when the 
patient got up. In January 1937 decrease of sensation was noticed over the left 
lower limb, which lasted for about fifteen days, followed by numbness over the 
same region until the time of hospitalization. In February 1937 the pain over 
the sacrum returned; it later decreased but never disappeared. It was still there, 
occasionally being very severe, almost unbearable, and irradiating toward the 
ilium. It was a traction and twitching sensation, which was increased by coughing, 
laughing, bending the trunk and defecation. It prevented the patient from walking. 
The left lower limb felt heavier than the right. There was no disturbance of 
micturition until after a lumbar puncture and injection of iodized poppyseed oil 
in the subarachnoid space, when vesical retention occurred. 

Neurologic Exaumation. — The spinal muscles on the right side were in per- 
manent contraction. There was no scoliosis and no deformity of the spine, which 
was otherwise stiff. No neurologic signs were noted over the head and upper 
limbs. The abdominal reflexes were present, those on the right being stronger 
perhaps than those on the left. No cremasteric reflex was elicited. Percussion over 
the sacrum and the fifth lumbar vertebra was painful. 

Lower Limbs . — Motor power was normal. Pressure on the left crural nerve 
at the level of the groin was painful. The Lasegue and Bonnet signs were not 
elicited. 

The anterior muscle group of the left thigh was slightly atrophic. The left 
patellar reflex was abolished ; the right was exaggerated. The left ankle reflex was 
weaker than the right, which was normal. The right plantar reflex was normal ; 
the left was absent. Sensation to touch was normal. Sensations to temperature 
and pain were abolished over the inner half of the left leg and the left foot. 
Sensation to position was normal. Sensation to vibration was decreased over the 
left leg and the left foot. 

Lumbar Puncture.— The. first puncture showed a pressure of 200 mm. (with 
the patient lying down), which rose to 220 mm. on jugular compression and to 
350 mm. on abdominal compression and fell to 130 mm. after 10 cc. of fluid had 
flowed out. The fluid was normal except for a doubtful reaction to the Pandy 
test. A second puncture, done a month later, showed a pressure of 80 mm., which 
remained the same on jugular compression but rose to 180 mm. on abdominal 
compression and fell to zero after 3 cc. of fluid had flowed out. The protein 
content was 0.04 mg. per hundred cubic centimeters, and the cell count was 
11 per cubic millimeter (the second puncture was done about fifteen daj^s after 
the injection of the poppyseed oil). 

Subarachnoid Injection of Iodized Poppyseed Oil— On injection of iodized 
poppyseed oil into the spinal canal between the twelfth thoracic and the first lumbar 
vertebra, the oil flowed down freely to the sacral region. When^ the patient was 
placed head down on the x-ray table, one could see the oil moving down to the 
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twelfth thoracic level, where it stopped and took a trident-like form. One-half 
cubic centimeter of iodized poppyseed oil, injected in the subarachnoid space between 
the seventh cervical and the first thoracic segment, remained at this level and was 
still there three months later. 

Operation . — Laminectomy was performed by Dr. William Cone, of the Montreal 
Neurological Institute. A medullary tumor was observed at the level of the 
eleventh and twelfth thoracic segments ; it had a gliomatous appearance, was 
infiltrating and diffuse and invaded the subarachnoid space in situ. Di. Cone 
carefully removed part of the tumor by suction and curettage. 

Evolution . — Immediate improvement followed the operation; the vesical reten- 
tion and the subarachnoid block disappeared. Roentgenologic treatment was given 
over the spine from the ninth to the t\velfth thoracic vertebra, the total dose 
being 3,000 r. 

Examination twenty days after operation revealed no pain and normal mictu- 
rition. Genital erections, which had been absent for the last two months, had 
returned. The patient could turn himself in his bed and bend his head without 
pain. The neurologic signs, however, remained the same. He left the hospital 
but was readmitted three months later. He died ten months after the operation 
and seventeen months after the onset of the illness. 

During the second hospitalization both lower limbs, became completely paralyzed, 
and an area of total anesthesia extended to the ninth thoracic segment. One 
could observe progressive amyotrophy of the limbs. The pain came back; it was 
occasionally violent and felt over the sacrum, radiating toward both ilia and both 
lateral aspects of the abdomen. 

Later, an intracranial pressure syndrome, consisting of headache, bilateral 
papilledema, slow pulse, transitory palsy of both sixth cranial nerves and mental 
confusion with onirism, was observed. The pressure of the fluid was 250 and 400 
mm. on two occasions. 

Clinical Summary . — Rapidly progressive and extensive paraplegia in a patient 
aged 20, having its onset with sacral pain, was due to an intramedullary tumor of 
the lumbar segment, which infiltrated the subarachnoid space in situ and could 
be observed after laminectomy. The grow'th was partially removed. Subarachnoid 
block was present, with the lower level at the twelfth thoracic segment. During 
the last months of the illness an intracranial pressure syndrome developed. 

Macroscopic Appearance of the Tumor . — The lower extremity of the specimen 
was formed by the cauda equina, of which the nerves, free for a distance of 3 cm., 
were, at an upper level, surrounded by a growth molded on the anterior aspect 
of the spinal canal. This growth had a length of 7 cm. and was located in the 
sacrolumbar region. It budded backward as far as inside the scar of the surgical 
incision. The tumor was oval in cross section. The anteroposterior axis was 
4 to 6 cm. and the transverse axis 3 cm. The anterior aspect alone was covered 
by the dura mater, which was broken and destroyed over the posterior aspect. 
As the tumor extended upward it was abruptly reduced in size, its outlines 
became more regular and its shape cylindric; it was covered at the upper level 
entirely by the dura mater. Its diameter, which here was 2.5 cm., gradually 
decreased up to the midthoracic region, where the cord, covered by the dura mater, 
was of normal volume. 

Microscopic Examination . — Examination of sections made at different levels 
revealed the following lesions: The center of the lumbar growth was necrotic. 
The anterior half of the tumor was bordered by the dura mater, which was rup- 
tured dorsally, the growth pressing the dura laterally. The cord was entirely 
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destroyed. One could assume its previous existence by remnants of pia mater 
and the presence of spinal vessels in the neoplastic mass. The remnants of pia 
mater were well seen on the left side, where they were fixed to the dura mater 
by the dentate hg^amentsj on the right, they were dislocated; dorsally there were 
none. 

The anterior spinal vessels were enlarged, but not deformed; the posterior 
vessels were displaced. The presence of these vessels embedded in the growth 
led one to believe that the tumor had destroyed the lumbar segment of the cord 
from which it arose and that it had extended throughout the meningeal membranes 
at that level. In a limited area in the middle and anterior portion the growth 
even penetrated the dura mater completely. The dura mater was ruptured backward, 
and the growth invaded the operative wound. Near the upper level of the 
lumbar growth section showed again herniation of the neoplasm baclnvard and 
through the dura mater, which was normal over the anterior and lateral aspects. 
The pia mater was well seen except at the back. The structure of the cord was 
replaced by abnormal tissue, white and dense, similar to that observed in the 
meninges. In numerous areas the pia mater was pierced by bridges of neoplastic 
tissue which united the medullary and the meningeal neoplasm. 



Fig. 1. — Pathologic specimen. 


At the level of the lower segment of the thoracic cord, the tumor was sur- 
rounded by the dura mater. The cord was embedded in the growth, and here, 
again, its former location could be identified by the surrounding pia mater. The 
thickness of the meningeal growth in the lower portion was twice or three times 
that in the upper portion. 

In the middle and upper thoracic regions, the cord was present and apparently 
normal. The meningeal infiltration by the tumor surrounded the cord entirely; 
it decreased gradually upward and could not be seen with the naked eye in the 
cervical region. 

Summary of Pathologic Ohscrvations.—h tumor arose in the lumbar portion 
of the cord, which entirely replaced the parenchymatous tissue in the lumbar and 
the lower half of the thoracic region. This portion of the tumor was IS to 16 cm. 
long. The glioma invaded the leptomeninges all around the cord up to the cervical 
level' and extended downward to surround partially the nerves of the cauda equina. 
Thus the meningeal growth formed around the cord a gliomatous sheath, which 
was 23 to 24 cm. long. In the lumbar region the glioma had ruptured the dura 
baclcward for a distance of 8 cm., and thus formed an important growth, which 
penetrated the surgical wound. The anterior portion of the dura was only locally 
invaded. 

Microscopic Appearance of Neoplasm.— The tumor presented three structural 
types with all forms of transition: (1) an extremely fibrillar and fasciculate astro- 



Fig. 2. — Schematic drawing of the medullary tumor. At left; Lateral appear- 
ance of the cord. The tumor was located in the lumbar segment of the cord 
and extended backward through the ruptured dura mater ; it partially invaded 
and surrounded the nerves of the cauda equina. The dura was distended in the 
thoracic region, but was not ruptured. The distention gradually decreased in the 
upper thoracic region. 

The dotted lines indicate levels at which the transverse sections were taken for 
histologic examination. 

At right: schematic drawing of the transverse sections. The glioma is indi- 
cated in gra 3 ^ In the three lower drawings, the dotted lines show the situation 
of remnants of the pia. In the two upper drawings the pia mater is normal. The 
neoplastic tissue fills the subarachnoid space. 
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cytoma; (2) a fibrillar and reticular astrocytoma, and (3) a neoplasm with round 
and undifferentiated cells. These three types were diversely distributed at the dif- 
ferent levels of the tumor. 

Lower Lumbar Portion of Tumor: The large mass in the lumbar enlargement 
of the cord had a necrotic center, around which the neoplasm was entirely fibrillar 
and fasciculate (type 1). Some vessels with thick and fibrous walls crossed the 
neoplastic tissue. The spaces between the vessels were filled with neuroglial 
fibers, which stained easily and were very dense and were grouped in bundles, 
passing in every direction. In spots, the fibrils were normally implanted on the 
vascular walls and radiated around the vessels. The nuclei were scattered in the 
fibrillar tissue, and the cytoplasm of the astroc 3 'tes could hardly be seen. How- 
ever, some ameboid gliocytes could be observed here and there. The deep region 
of the neoplasm was surrounded bj' another, rvhich had a grossly alveolar appear- 



Ffg, 3. — Lower thoracic region. P indicates the pia mater. The lower portion 
of the photomicrograph shows the infiltrated portion of the cord. The light spots 
are the granular corpuscles. The upper portion shows the lacunas of the arachnoid 
filled and distended with extensions of fibrous glioma. 

Glial bundles pierce the pia here and there and join the medullary and the 
meningeal portion of the glioma. 

ance (type 2). Here, the neoplastic tissue was crossed and divided by fibrous 
tracts into more or less thick bundles. The glial fibers were less numerous, and 
their arrangement was less precise ; they gradually lost their parallel formation and 
appeared as a more or less loose thread. The glial fibrils were less numerous than 
the nuclei. The nuclei were round and regular, and the stellar cytoplasm was 
easily stained. This alveolar tissue, poor in glial fibrils and rich in cells, filled 
the space between the remnants of the pia and the dura, i. e., the whole of the 
arachnoid. It embedded the anterior roots without invading them; it infiltrated 
the posterior roots and produced dissociation of their myelinated fibers. 
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Upper Lumbar Portion and Lower Thoracic Portion of Tumor: Here, the 
histologic appearance of the tumor was of type 2: reticular in the cord and 
reticular and alveolar at the peripherj-, where it invaded the leptomcninges. Tiiese 
two reticular masses were joined together by neuroglial tracts (type 1), which 
pierced the pia at many spots. In fact, the pia was like a skimmer, through 
every hole of which passed a glial tract (fig. 3). The areas where the posterior 
roots emerged were dilated by large gliomatous hernias, in which there were no 
myelinated fibers but one could observe granular corpuscles. Undoubtedly the 
presence of these corpuscles was the result of degeneration of the root fibers 
infiltrated by the tumor. 



Fig. 4. Upper thoracic region. In the lower portion of the figure is the pia 
mater. 

The entire middle portion is occupied by the araclinoid, which contains numerous 
^pillaries filled "with red cells. In the lacunas of the arachnoid can be seen small, 
mee cells with spherical nuclei. These nuclei are either small and dense, like 
lymphocytes, or large and light. 

Some of the larger cells are surrounded by cytoplasm haUng angular outlines; 
the.v are 3 'oung astrocytes. 

Between these 3 'Oung astrocytes and the fibrillar astrocj'tes which form the other 
part of the tumor all figures of transition can be obseiwed. 

In the upper area is a fibrillar and differentiated gliomatous nodule; it is sur- 
rounded b\- a mass of angular or h-mphocyte-like cells, being on a fair wav to 
differentiation. 
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Upper Thoracic Portion of Cord ; There was no neoplastic tissue in this portion 
of the cord. Secondary degeneration of tracts was observed. The pia mater was 
not ruptured but was superficially invaded. The gliomatous tissue filled less and 
less the subarachnoid space as it reached the cervical region, where the glioma 
was exclusively meningeal. The growth had a reticular structure (type 2) ; it was 
very cellular and little fibrillar. Here and there, the third structural type of the 
tumor could be seen : in the narrow spaces of the arachnoid near the pia, in 
the interstices of the pia mater and in the dentate ligament (fig. 4). Tissue of 
type 3 was made up of perfectly round cells ; some very small and lymphocyte-like ; 
others, larger with a dense nucleus, which was surrounded by a basophilic and 
homogeneous cytoplasm. These cells infiltrated the interstices of collagen tissue; 
they were scattered, or gathered together or arranged in rows. In some of these 
groups one could see some cells with angular and less dense cytoplasm and others 
which were decidedly branched and fibrillar. All intermediate forms between the 
undifferentiated, globular cells and the purely glial and reticular bands of cellular 
elements could be seen. 

Condition of the Cord . — In the lumbar region nothing remained of the cord. 
In the lower thoracic region one could identify rare nerve cells in stages of 
degeneration amid the glial tissue and numerous granular corpuscles in the area 
of the neoplasm subjacent to the pia. In the upper thoracic region there was 
complete degeneration (Marclii-scarlet red stain) of the Goll, Flechsig, Gowers and 
spinothalamic tracts. The pyramidal and laterolateral tracts were normal. 

Roots : Lumbar region : The anterior roots were embedded, but normal ; the 
posterior roots were partially infiltrated. 

Lower thoracic region: The anterior roots were fibrous and embedded; in 
the posterior roots the areas of emergence were invaded ; the roots themselves were 
embedded but intact. 

Upper thoracic region: All the roots were embedded but not infiltrated. In 
the posterior roots some figures of wallerian degeneration were noted. 

COMMENT 

Pathologic Observations . — This tumor is interesting from many 
angles : its intramedullary origin and its large volume ; its notable exten- 
sion to the leptomeninges and even the dura, tvhich was locally destroyed, 
and its predominant structure, which was that of a fibrillar astrocytoma. 
We noted the mature neuroglia cells in the meninges and the continuity 
of the intramedullary and the intrameningeal glial tissue in the caudal 
region of the tumor ; so we concluded that we were dealing -with a case 
of simultaneous medullary and meningeal gliosis. But we now reject 
that hypothesis: The associated gliosis of the meninges and the nerve 
tissue is a congenital malformation, not a tumor process. The volume 
of the glial growth in our case, ^vhich .took the place of the tissue of 
the cord and invaded the meninges, led us to believe that it was a 
neoplastic process and that the neoplasm was malignant. But two facts, 
apparently incompatible, had to be conciliated : the nature and structure 
of the neoplastic tissue, which was that of a glioma usually confined to 
the neuraxis, and its diffusion into the meninges. Meninpal gliomatosis 
secondary to intracranial tumor is frequent, and the gliomatosis oriHi- 
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nating in intramedullary neoplasm is rare. One wonders whether that 
rarity is not more absolute than relative and whether it is not due 
chiefly to the histologic type of the medullary tumors and to their 
infrequent occurrence. The majority of the encephalic gliomas which 
invade the meninges arc medulloblastomas, riicoretically, the medullo- 
blastoma arises only in the cerebellum, since medulloblasts are to be 
seen exclusively in the cerebellum (Ivcrshman). J bus the cord cannot 
give rise to the type of neoplasm which is the most likely to invade the 
meninges. Therefore only the histologic types .similar to the intracranial 
CTliomas which do not or very seldom invade the meninges are observed 
in the cord. 

One can easily explain the paradox of the expansive tendency of 
the tumor and its astrocytic and fibrillar structure. As has been 
stated, the tumor did not invade the meninges by means of its astrocytic 
components, but by cells which were free and undifferentiated. One 
could qualify them as lymphocytes, medulloblasts or apolar glioblasts; 
it was their maturation in situ and their transformation into astrocytes 
which indicate their glial nature. The same phenomenon occurred here 
as in cancer of other tissues. In the case of epidermal carcinoma, for 
instance, invasion is executed by undifferentiated cellular elements. 
It is only when those undifl'erentiated cells have set themselves in the 
connective tissue, only after their multiplication in situ, that they become 
differentiated, malpighian and corneous. 

The differentiated cells permit one to determine precisely the nature 
and origin of the tumor, but they are not the active and aggressive 
elements of the neoplasm. In short, if a tumor in its older parts is a 
typical fibrillar astrocytoma, with mature and quiescent elements, its 
malignancy depends on the undifferentiated cells which infiltrate the 
meninges, like the cancerous cells. 

Thus, the neoplasm grows by the migration of its undifferentiated 
cells, that is, according to a process of extension. It grows also by the 
multiplication in situ, in conquered soil, of the same cells, i. e., by a 
process of expansion; these cells become mature and increase at the 
same time their mass and their fibrillar apparatus. It is probable that 
the process of infiltration by the free cells, which could be observed 
in the upper thoracic meninges, had been going on since the onset of 
evolution of the tumor. Those cells were the malignant elements of 
the glioma, and the prodigious diffusion in the meninges and the roots 
was due to their activity. 

What should be the denomination of the tumor ? To designate it, as is 
frequentl)'- done, according to the prevalent cellular configuration, that 
is, as a fibrillar astrocytoma, would be orthodox, but it would not be 
piecise with regard to the aggressive character of this tumor. On account 
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of the polymorphic and malignant character of the glioma, it could 
be named glioblastoma multiforme, as Eden was tempted to do in the 
case of a similar tumor he recently reported. But the denomination 
would, again, be incorrect. In the glioblastoma multiforme all sizes 
of cells are anarchically arranged; besides, this type of glioma is 
distinguished chiefly by atypical and monstrous glia cells and by 
telangiectatic and proliferating vessels. Nothing of the kind was noted 
in our glioma: The invading cells were not atypical or monstrous; 
they were undifferentiated, and the multiple forms of the “installed” 
cells represented the successive stages of their astrocytic maturation; 
moreover, the vessels were almost rectilinear and without any endo- 
thelial mitosis. 

W e believe that in the case of this tumor, as in that of every tumor 
of the central nervous system, one should designate the neoplasm by 
a name which refers primarily to the cellular element of origin and 
secondarily to the degree of maturation reached by the descendants 
of that element. The name “malignant glioblastoma with astrocytic 
evolution” is the only one which sums up the morphologic and evolutive 
characters of our tumor. 

Clinical Observations . — The survey of the obsen^ations published in 
cases of gliomatosis arising from an intramedullary tumor and the 
clinical study of our case show that the signs of an intracranial pressure 
syndi'ome are usually the first and the obvious clinical indication of the 
neoplastic invasion of the meninges. One wonders why the neoplastic 
metastasis in the meninges does not more often produce radicular pains, 
meningeal irritation and signs of motor inhibition. 

If one does not know that an intramedullary glioma can invade 
the leptomeninges, one is likely to miss the diagnosis of secondary 
gliomatosis, even if there are signs of intracranial pressure. However, 
in some cases of meningeal metastasis from an intracranial glioma, 
root pains, signs of meningeal irritation and absence of some tendon 
reflexes were observed. But meningoradicular manifestations can more 
easily be elicited from patients having a normal cord than from those 
who have a medullary tumor producing neurologic signs over the limbs 
and trunk before the appearance of any complication. Most often one 
observes, without any definite transition, signs which indicate an intra- 
cranial lesion, such as intracranial pressure syndrome or paralysis of 
some of the cranial nerves. The asymmetry of the pupils reported in 
older observations must be regarded as a sign of such intracranial 
extension of the gliomatous process. 

Firor and Ford emphasized the frequency of functional dis- 
turbances of the eighth cranial nerve, and even of paralysis of some 

18. Firorj N. M.,‘and Ford, F. R.: Gliomatosis of the Leptomeninges, Bull. 
Johns Hopkins Hosp. 35:108 (April) 1924. 
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other cranial nerves. But tlic important paper of Borci and Fiioi, 
containing 4 personal observations and a I'csiime of 28 othcis collected 
from the literature, referred to the meningeal infiltration from intra- 
cranial tumors ; in only 1 case was the primary location of the neoplasm 
in the cord. The invasion of the intracranial meninges in those cases 
was more rapid and severe, and this fact may explain the liigher 
incidence of paralysis of some cranial nerves. 

The intracranial pressure was doubtless due to the block in the 
cisterns at the base of the brain and to the decreased absorption of 
the fluid into the venous sinuses. One might also wonder whether the 
severe infiltration of the spinal meninges would not increase the intra- 
cranial pressure by the mechanism of eliminating the spinal circulation, 
and even absorption of the fluid. That is not probable in cases of high 
spinal block, caused by tumor, for instance, which does not obviously 
modify the intracranial pressure. Moreover, the meningeal invasion 
by the neoplasm, as was observed in our case (after the operation), 
does not s 3 *stematically block the spinal subarachnoid space, and even 
then intracranial pressure can be maintained. The intracranial pressure 
syndrome of our patient was the result of extension of the gliomatosis 
toward the brain. A’erdun," who made an important contribution to 
the study of gliomatosis of the meninges, diagnosed the secondary 
meningeal invasion in a case of cerebral glioma by discovering neoplastic 
cells in the fluid. This diagnostic procedure can be used with a greater 
accurac}' since Forster has described a precise method of identifjdng 
the neoplastic cells in the fluid. By this means one can assert with 
conviction that the gliomatous process has already invaded the meninges, 
before any clinical signs or symptoms can be elicited. 

In some cases the operation facilitates the meningeal invasion. But 
we must emphasize that in our case the infiltration existed before the 
surgical exploration, 

SUMMARY 

Whatever the appearance of an intramedullary glioma b}^ which its 
embryonic age can be assumed, the glial neoplasm is exceptionally 
capable, after a few months of apparent evolution, of invading the lepto- 
meninges and of extending toward the encephalon, where it produces 
an intracranial pressure syndrome and neurologic signs of cranial nerve 
lesions. 

A typical case of meningeal gliomatosis is reported. 

Prof, Pierre Masson made available to me the drawing;, the photomicrographs 
and his pathologic observations in this case and advised me with regard to the 
pathologic study. 

454 Est, Rue Sherbrooke. 

19. Ford, F. R., and Firor, N. W. : Primary “Sarcomatosis” of the Lepto- 
menmges, Bull. Johns Hopkins Hosp. 35;6S (March) 1924. 
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MINNEAPOLIS 

Whenever a new disease of the nervous system is identified, one of 
the most commonly used criteria of its seriousness is the fatality rate in a 
large series of cases. This is by no means the best measure of the 
resulting damage, since even in cases of recovery there maj’^ occur physical 
and mental residuals which in themselves may be as disastrous as the 
fatalities. However, in order adequately to evaluate such sequelae, it 
becomes necessary to follow a large number of cases over a period of 
years. Such a study has, as yet, not been attempted for equine encephalo- 
myelitis, since the actual recognition of this disease in mkn has been 
relatively recent. Even its absolute identification in horses did not occur 
until 1931, when Meyer and his co-workers ^ isolated a virus as the 
etiologic agent. Since the recognition of the equine virus and the dis- 
covery that neutralizing antibodies appear in the serums of convalescing 
and recovered patients, much progress has been made in the clinical 
identification of this illness in man. It has become increasingly apparent 
that this disease is indeed widespread throughout the United States and 
Canada. The western variety particularly has been prevalent in the 
midwestern states for many years, and its incidence has been increasing 
at an amazing rate. In the summer of 1941 an outbreak of the disease 
in man produced one of the largest local epidemics known in the United 
States. The mortality rate in this epidemic was not high, varying 
between 10 to 15 per cent, as compared with 75 to 90 per cent reported 
for the eastern variety of the disease. This mortality rate, however, 
does not necessarily offer a true evaluation of the gravity of the illness, 
since residuals may make the outlook even in the cases of recovery much 
more guarded and less optimistic. That actual damage to the brain does 
occur during the acute stages of even the milder western variety of this 
disease has been proved beyond a doubt by some of the more recent 

From the Division of Nervous and Mental Diseases, University of Minnesota. 

This study was aided by a grant from the Research Funds of the Graduate 
School of the University of Minnesota. 

1. Meyer, K. F.; Haring, C. M., and Howitt, B. F.: The Etiology of Epi- 
zootic Encephalitis of Horses in the San Joaquin Valley, 1930, Science 74:227, 
1931. 
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publications (Baker and Noran," Weil and Breslich^). Lesions appear 
throughout the nervous system and consist of focal, difluse and peri- 
vascular infiltrations of polymorjihonuclcar leukocytes and mono- 
nuclears, vascular thrombi and endothelial proliferation ^vith vascular 
occlusion, as well as scattered areas of demyelination. The destruction 
of myelin is often complete, with the formation of softened areas filled 
with scavenger cells or of actual cysts. Pctcchiae occasionally arc 
present and are of sufficient magnitude to result in destruction of tissue. 
In cases of the eastern variety the lesions arc reported as being some- 
what similar but more severe, with greater injury to nerve cells and less 
alteration of myelin (Wesselhocft ’ and Farber and their associates) . 

Although the pathologic changes so far reported have been based 
on cases in which death took place during the acute phase of the illness, 
it is logical to assume that similar lesions, even though less severe, must 
occur in some cases in which there is apparent recovery. One feels 
justified, therefore, in predicting that in some such cases cerebral damage 
of a temporary, or even permanent, nature must result. If these 
alterations are progressive or involve important functional areas of the 
neiwous system, definite clinical changes of a physical or mental nature 
will eventuate. The less obvious sequels, naturally, will be o\-crlooked 
unless careful follow-up examinations are undertaken, but the more 
dramatic residuals should certainly begin to attract attention. That 
permanent cerebral damage with .sequels does occur in cases of equine 
encephalomyelitis is now beginning to be apparent from a review of the 
literature. It is becoming obvious that at least in cliildren both strains 
of the virus may and do cause permanent and disastrous after-effects. 
Howitt,'’ in 1939, reported 29 cases in which there was a histoiy of 
encephalitis and the serum contained neutralizing antibodies against the 
western strain of equine encephalitis. In all but 1 of these cases recoveiw 
occurred, and in 3 there were permanent residuals. In 2 cases the nature 

2. Baker, A. B., and Noran, H. H.: Western Variety of Equine Encepha- 
litis in Man, Arch. Neurol. & Psychiat. 47:565 (April) 1942. 

3. Weil, A., and Breslich, P. J. : Histopathology of the Central Nervous 
System in the North Dakota Epidemic Encephalitis, J. Neuropath. & Exper. 
Neurol. 1:49, 1942. 

4. Wesselhocft, C. ; Smith, E. C., and Branch, C. F. : Human Encephalitis : 
Eight Fatal Cases, with Four Due to the Virus of Equine Encephalomyelitis, 
J. A. M. A. 111:1735 (Nov. 5) 1938. 

5. Farber, S. ; Hill, A. ; Conncrly, M. L., and Dingle, J. H. : Encephalitis 
in Infants and Cliildren Caused by the Virus of the Eastern Variety of Equine 
Encephalitis, J. A. M. A. 114:1725 (May 4) 1940. 

6. ^ Howitt, B. F. : Viruses of Equine and of St. Louis Encephalitis in Rela- 
tionship to Human Infections in California 1937-1938, Am. T. Pub. Health 29 - 
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of the residuals was not described, while in the third, two months after 
apparent recoveiy, persistent convulsions developed. Davis " recorded 
2 cases in which western equine encephalitis had permanent residuals. 
In his first case, that of an infant months of age, two months after 
recovery from the acute illness, apparent blindness, deafness, mental 
deterioration and cerebral atrophy, suggested by the overlapping of the 
cranial bones, were noted. In the second case, that of a 3 month old 
infant, left-sided paralysis developed during the acute illness. The left 
arm remained spastic, and mental development was retarded. Four 
years later the child could speak only single words and had an intel- 
ligence quotient of 30. Convulsions had continued at the rate of two to 
three yearly. Samples of the blood at this time still showed neutralizing 
antibodies against the western equine virus. Wynns and Hawley,® in 
reviewing an epidemic of encephalitis in California involving 102 
persons, described varying sequels which were present within six months 
after the onset of illness. In 6 cases the complaint was weakness and 
inability to carry on vigorous work; in 4, neuritic pains in the limbs; 
in 2, persisting headaches; in 1, impairment of memory, and in 1, 
internal hydrocephalus. Although in these cases the equine virus was 
never absolutely identified as the cause, chiefly because the epidemic 
occurred in 1937, prior to the discovery of the etiologic agent, the nature 
of the illness and its regional occurrence suggest that the disease was 
of the western equine variety. Farber and his associates ® reported a 
study of 8 infants and children who were ill with the eastern strain of 
equine encephalomyelitis. In all cases the infection was identified by 
isolation of the virus, by neutralization tests of the blood or by pathologic 
examination. Of the 8 patients, 5 died and 3 recovered. All the 
children who recovered showed alarming residuals, suggesting extreme 
damage to the nervous system. The first patient, a 1 month old girl, 
after a coma of twenty-one days, still presented spasticity of all limbs 
at the time of discharge, forty da)'s later. An encephalogram obtained 
after three months revealed pronounced dilatation of the ventricles. Six 
months later the child appeared to be mentally retarded. The second 
patient, an 18 month old girl, had convulsions and paralysis involving 
the right side. An encephalogram made three and a half months later 
showed moderate ventricular enlargement, the child manifesting 
clinically right spastic hemiplegia, partial deafness, impairment of vision 
and mental retardation. The case of the third .patient was similar to 

7. Davis, J. H.; Equine Encephalomyelitis (Western Type) in Children, J. 
Pediat. 16 : 591, 1940. 

8. Wynns, H. L., and Hawley, C. J. : Epidemiology of Epidemic Encephalitis 
in California, Am. J. Pub. Health 29:/81, 1939. 
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that of the second, and two months after recovery right-sided paralysis, 
speech difficulty and beginning hydrocephalus were still manifest. 

Platou® described in detail his observations in a case of western 
equine encephalitis occurring in a 5 month old male infant. During the 
three years following recovery from the acute illness, there developed 
convulsive seizures, spasticity of all limbs, atrophy of the optic nerves, 
mental retardation and progressive cerebral atrophy. The child finally 
died at the age of 3 years and 10 months. Through permission of Dr. 
R. V. Platou and Dr. E. J. Engberg we have had the opportunity of 
studying the pathologic changes within the nervous system, and these 
studies form the basis of the present report. The obseiwations are of 
significance, since to our knowledge they represent the first report on 
the chronic end results of infection with the western strain of equine 
encephalitis. That similar, but less severe, changes occur in other cases 
is to be expected when one considers the great similarity of the 
pathologic picture in cases of acute death from this disease. 

REPORT OF A CASE 

History. — ^The history has been described in a previous publication b}' Platou “ 
and will be only briefly summarized at this time. A white male infant had been 
normal until the age of 4 weeks, when there suddenly developed high fever, 
strabismus and extreme irritabiUti% The temperature remained high for one week, 
and convulsions appeared. Recovery occurred in ten days. After two months 
the infant again began to manifest convulsive seizures of increasing severity with 
spasticity of all limbs. Laboratory studies at this time revealed nothing abnormal, 
but the blood serum showed a high neutralizing titer against the western equine 
virus. An encephalogram showed moderate dilatation of the ventricular system 
with slight widening of tire subarachnoid space. Convulsions continued in spite 
of heavj" sedation, and because of the extreme mental retardation, the child was 
committed to the School for the Feebleminded at Faribault, klinn. Here the 
course was rapidb' downhill. There developed almost continuous opisthotonos 
and spasticity of all limbs, and the child died three and a half years after the 
onset of his acute illness. 

Cross Pathologic Examination. — A complete autopsy was performed. The 
significant observations were confined to the central nervous system. Externally, 
the brain measured 12 cm. in length and 12 cm. in width. The cerebral tissues in 
both frontal regions were greatly altered and vs'ere so thin as to be almost trans- 
parent. The greatest involvement occurred on the right side, where the destruc- 
tion of tissue extended posteriorly to a point just anterior to the fissure of Rolando 
and inferiorly to the sylvian fissure (fig. 1). The adjacent temporal lobe appeared 
grossly intact. On the left side the involvement was much less extensive and 
appeared to be confined to the medial surface of the frontal lobe, covering onlj'' 
the superior frontal gjTus. The rest of the brain appeared intact on external 
examination. 


9. Platou, R. V. : Equine Encephalomyelitis in Infancy, Am. J. Dis. Child 
60:1155 (Nov.) 1940. 
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Fig. 1. — Superior view of the cerebrai vertex, showing the extensive involve- 
ment of the frontal lobes. The normal convolutional pattern is largely converted 
into a semiopaque membrane of cerebral cortc.x. 



Fig. 2.— Multiple cystic areas replacing a large portion of the frontal lobes. 
The anterior horn on the right is dilated, while that on the left communicates 
with one of the cystic cavities. Note the profound destruction of the white sub- 
stance and the thinning of the cortex. 
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Coronal sections revealed a curious alteration of the brain tissue within the 
frontal regions (fig. 2). The entire right frontal lobe was completely replaced by 
numerous thin-walled cysts. This area of cystic degeneration extended anteriorly 
to the frontal pole and measured 6 by 4.5 cm. in the midfrontal region at the level 
of the anterior border of the corpus striatum. Postcriorl}'^ the cystic areas became 
more circumscribed and were limited to the midportions of the medial and superior 
frontal gjTi, terminating almost at the fissure of Rolando. These cystic alterations 
extended above the anterior horn and body of the right lateral ventricle but did 
not involve either the ventricle or the basal nuclei. Medially there still remained 
a thin layer of recognizable brain tissue, situated along the medial surface of the 
superior frontal gyrus, while laterally only a thin transparent tissue separated 
the destroyed brain from its overlying membranes. In the left cerebral hemisphere 
the cystic degeneration was much less extensive (fig. 2). It also began at the 
tip of the frontal lobe and extended posteriorly for 7 cm., involving primarily 
the midportion of the superior frontal gyrus, where it destroyed most of the 
cortex, only a thin, semiopaque membrane being left between the brain and the 
meninges. The frontal horn of the left lateral ventricle was directW incorporated 
in this cystic degeneration, which had broken tlirough into the ventricle. The 
body of the left lateral ventricle was moderately enlarged, probably because of 
the shrinkage of the surrounding tissues. The middle and inferior frontal gyri, 
as well as the basal nuclei, on the left appeared grossly uninvolved. 

The corpus callosum was greatly narrowed throughout its entire extent, the 
degree of thinning varying with the amount of alteration of adiacent brain tissue. 
In the region of the genu, where the tissue damage was most extensive, the corpus 
callosum was almost completely destroyed and was represented merely by a thin, 
semiopaque remnant, measuring 1 mm. in thickness. There were also marked 
thinning and partial obliteration of the septum pellucidum in this region. The 
columns of the forni.x appeared intact. More posteriorly, at the level of tlie fissure 
of Rolando and posterior to the regions of the gross tissue damage, the corpus 
callosum increased in thickness. 

The temporal and occipital lobes and the left parietal region appeared grossly 
intact. No lesions were detected in the cerebellum, pons, medulla or cord. The 
larger cerebral vessels were uninvolvcd. 

Microscopic Examination . — Blocks taken from areas throughout the aiervous 
system were prepared for study by the following technics ; hematoxylin and 
phloxine stain, Nissl's stain (thionine), Holzer’s stain, Wilder’s glial stain, Bodian’s 
stain for axons, the Turnbull blue method for hemosiderin, Von Kossa’s method 
for calcium, Pal-Weigert’s stain for myelin sheaths, Weil’s method for myelin 
sheaths, Cajal’s gold chloride-mercur}' bichloride impregnation method for 
astrocytes, Hortega’s silver carbonate method for oligodendroglia and microglia 
and Sudan III. 

Frontal Region : The frontal lobes presented a similar histologic picture. 
They were filled with cavities of varying sizes, the walls of which for the most 
part were lined bj-^ fibrous glial tissue (fig. 3 A). An occasional cyst appeared 
to be limited by relatively normal-appearing parenchyma. In general the larger 
cavities were empty, while a number of the smaller ones contained scavenger 
cells, some of which were filled with granular blood pigment. Many of these 
cysts were separated from one another merely by a thin band of gliotic brain 
tissue. A number of the cysts had extended into and had replaced the inner 
^rtion of the overlying cortex, almost extending to the surface of the brain. 

ere only a thin rim of gray matter separated the cavitations from the sub- 
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aiachnoicl space. This limiting rim of cortex showed complete destruction of 
ganglion cells and nerve fibers, with replacement of much of the tissue by a dense 
glial proliferation, which in places had resulted in a relatively acellular scar 



Fig_ 3 . two cystic areas separated by a thin band of cerebral tissue. The 

overlying cortex is thin and demonstrates absence of its normal cytoarchitecture. 
There is diffuse demyelination. Pal-Weigert stain. 

B thin rim of cerebral cortex, with complete devastation of ganglion cells. 
There is moderate proliferation of macroglia. Note the perivascular sheath of 
calcification involving two small cortical vessels toward the left of the field. 
Hematoxjdin and phloxine stain. 
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(fig. ZB). The rest of the frontal cortex also showed most severe, although 
patchy, damage to the nerve cells. The gray matter adjacent to the more severely 
damaged and cystic areas presented rather severe devastation of its neurons, limited 



Tij,. 4. A, striking proliferation of astrocytes. Note the extreme cellularity, 
without a notable increase of neuroglial fibers. Cajal’s gold chloride-mercurv' 
bichloride impregnation method. 

B, disturbed polarity and lamination of the neurocellular architecture with 
se\ere structural alterations of the individual neuron cells. Ghost cell formation 
is prominent. Nissl stain. 
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primarily to its inner three layers. These areas of devastation were usually 
replaced by diffuse proliferation of fibrous neuroglia, although they occasionally 
appeared as foci of structureless, acellular tissue (fig. 4 A). The corte.x over- 
lying the less severely involved frontal tissues appeared more intact. Here there 
occurred only patchy involvement of the neurons. Many of the nerve cells were 
shrunken and pyknotic with an alteration in their polarity, and others were swollen 
and chromatolytic, with a few cytoplasmic vacuoles (fig. 4B). An occasional 
ghost cell could be observed. In many cells the neurofibrils were fragmented or 
had undergone complete dissolution. In most areas containing the more severely 
damaged elements there had occurred definite astrocytic proliferation. In scat- 
tered regions throughout the involved gray matter there also appeared a slight 
proliferation of microglia and rod cells. Fat granule cells were absent. 

The white matter adjacent to the more extensive areas of cavitation showed 
diffuse demyelination with complete destruction of axis-cylinders. Many of these 
areas of demi'clination were already replaced by a relatively complete glial reaction. 
In the lesser involved regions of the frontal lobes there also occurred diffuse 
but irregular and less severe involvement of myelin, manifesting itself merely as 
partial loss of tinctorial properties with beginning swelling of the myelin sheaths 
and formation of vacuoles. The axons frequentlj' showed irregular swellings, 
tortuosit}’’ and occasional fragmentation. 

Throughout the frontal lobes mild vascular congestion was seen, but there 
were no petechiae. Particularly within the cortical gray matter the small vessels 
showed relatively pronounced proliferation of the lining endothelium, which had 
in some vessels resulted in a variable degree of attenuation of the lumen (fig. 5 A). 
Moreover, the walls of many of these small vessels were thickened and hyaline. 
Thrombus formation was not observed. Small collections of basophilic granules 
were encountered throughout the frontal regions. These granules stained only 
weakly for iron but strongly for calcium. They frequently encircled small blood 
vessels, producing a perivascular beading and in many instances actual solid 
perivascular collars. In some areas they replaced the entire vessel, even extending 
inward to result in complete occlusion of the lumen and forming a spherical 
structure consisting of concentric layers of basophilic material. In certain regions 
the calcium granules occurred free in the parenchyma or even appeared to fill 
a few of the astrocytes and neurons. The degree of tissue calcification showed 
a definite tendency to parallel the severity of the destructive process. 

Temporoparietal Region; No large cavitations were observed grossly in these 
areas. The cortical nerve cells, nevertheless, were severely involved, especially 
in the third and fourth cortical laminas on the right and in the inner three 
laminas on the left. In these regions, interspersed among relatively intact nerve 
cells, were many cells which were either shrunken and pyknotic or swollen and 
chromatolytic. There were also scattered areas of devastation of nerve cells 
situated chiefly around vessels that had undergone severe endothelial hyperplasia 
with occlusion of the lumen. Throughout most of the cortex appeared a mild 
proliferation of astrocytes. In a few locations there were a slight proliferation of 
microglia and a few rod cells. The white substance revealed diffuse, irregular 
demyelination, which extended up to the gray matter but spared the U fibers 
(SB). In addition there were a few perivascular foci of demyelination, some 
of which had resulted in small cystic areas, containing occasional scavenger cells. 
Throughout the diffuse areas of involvement a concurrent glial reaction had 
taken place. 

Vascular congestion was extreme and was associated with a few small peri- 
vascular extravasations of blood. Small foci of calcium granules were also pres- 
ent. These were arranged chiefly along the adventitia of small vessels in a 
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manner similar to that in the frontal lobes. In the adventitia of sex ei al medium- 
sized vessels a few mononuclears and g^ranulocytes weie discoxeicd, but no actual 
perhascular inflammatory infiltrates were observed. 



Fig. 5. A, small cortical vessel displaying endothelial hyperplasia and resultant 
attenuation of the lumen. Hematoxylin and phloxine stain. 

B, diffuse, partial myelin degeneration in the xvhite matter. The remaining 
myelin sheaths manifest degenerative alterations. Pal-Weigert stain. 

Occipital Region : The alterations in the occipital lobes were similar to those 
seen in the temporal and parietal lobes but were less extensive. Structural altera- 
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tions in the ganglion cells were minimal on the left but somewhat more pro- 
nounced on the right. They consisted only of scattered changes in individual cells, 
chiefly shrinkage and p 3 'knosis. These changes were most evident in the second, 



Fig. 6. A, complete calcification and occlusion of the lumen of a small cerebral 

blood vessel. Concentric layers of calcification can be identified. Von Kossa 
method for calcium. 

B, small focal area of demyeliiiation. Note its perivascular location. Weil 


stain, 
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third and fourth laminas. A few small areas of perivascular destruction of nerve 
cells could be detected. In the outer and middle layers of the cortex of the right 
occipital lobe there were numerous elliptic masses of calcium, representing calci- 
fication within the walls of small blood vessels (fig. 6 A). Many of the cortical 
vessels showed mild proliferative endarteritis, with calcium granules deposited 
along the adventitia of a few vessels to form thin perivascular sheaths. 

Throughout the subcortical regions there were irregular, diffuse areas of 
demyelination, ranging from slight loss of staining properties to partial degenera- 
tion of the myelin sheaths, associated with mild to moderate astrocytic prolifera- 



Fig. 7. ^ Section of the corpus callosum, revealing almost complete destruction 
of axis-cjdinders. One of the remaining axons discloses irregularity, swelling and 
early fragmentation. Bodian stain. 

tion (fig. 6B). The axis-cylinders were usually intact but in scattered areas 
showed mild degenerative changes. 

Corpus Callosum; The corpus callosum had undergone extensive degeneration, 
especially in its anterior portion, including the genu, resulting in pronounced 
thinning of this structure. Only a few axis-cylinders could be identified, and 
these were swollen, irregular, pale and tortuous (fig. 7). There was diffuse 
proliferation of the fibrillary neuroglia. 

Basal Ganglia: Structural alteration of the nerve cells was observed through- 
out the basal ganglia; however, no complete devastation had occurred. The 
c anges consisted principally of swelling of the cell body, tigrolysis, eccentricity 
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and paling of the nucleus and fragmentation and dissolution of the neurofibrillae. 
Cells undergoing early changes revealed perinuclear chromatolysis. Occasional 
ganglion cells showed complete loss of their structural architecture, with resulting 
formation of ghost cells. Diffuse, irregular regions of severe degeneration of 
myelin were also present, associated with mild reparative gliosis. In a few 
areas the parenchyma was actually vacuolated, and the glial fibers were relatively 
dense. There were also a few areas of perivascular dewyelination. Most of the 
axis-C3dinders were intact ; however, some disclosed moderate toxic alterations. 
A few mononuclears were seen in the adventitia of several vessels, but infiltration 
was not sufficiently marked to be regarded as unquestionable evidence of inflam- 
mation. Calcium granules were observed along the adventitia of an occasional 
v^essel. The neurons of the insula also showed structural alterations. A few 
scattered foci of atrophy of nerve cells were encountered, especially in the third 
and fourth laminas. Many of the small blood Vessels revealed proliferative end- 
arteritis. Along the subependymal regions of the ventricles demyelination and 
glial repair were particularly evident. 

Cerebellum: Widespread atrophj- of Purkinje cells had occurred. In man}' 
of the folia few cells remained. The granular cells, on the other hand, were 
relatively intact. In an occasional region there did occur complete devastation of 
all nerve cells, including both Purkinje and granular cells. In these regions 
there was mild proliferation of astrocytes. The white matter of the cerebellum 
appeared intact. The neurons of the cerebellar nuclei were not involved. 

Midbrain : The parenchymal elements, including the nucleus of the third nerve, 
the red nucleus and the substantia nigra, showed no noteworthy alterations. How- 
ever, several petechiae were seen. 

Pons : The neurons both in the tegmentum and in the nuclear region mani- 
fested mild structural changes. Some of the cell bodies were swollen and showed 
perinuclear chromatolysis, while others revealed minimal shrinkage and pyknosis. 
Only a few ghost cells were observed. The myelin and axis-cylinders showed 
no significant abnormalities. An occasional vessel evidenced slight endothelial 
proliferation. 

Medulla : Structural alterations of the nerve cells were somewhat more 
noticeable here than elsewhere in the brain stem. Both the motor and the sensory 
nuclei were involved. In the olives most of the cells showed either swelling and 
chromatolysis or shrinkage and pyknosis. In addition, ghost cell formation was 
not infrequent. 

The myelin showed partial destruction of its staining properties in a narrow 
band along the marginal zone and the subepend 3 'mal region. Several petechiae 
were discovered in the region of the nuclei of the twelfth cranial nerves. The 
blood vessels, however, did not show any notable changes. 

Cervical Region of Cord: The ganglion cells of the ventral horns contained 
only mild changes, consisting of swelling and partial chromatolysis. A few ghost 
cells were observed. The white substance disclosed moderate swelling of the 
myelin sheaths of the lateral columns and the marginal zone, but actual demyelina- 
tion was not observed. The nerve rootlets showed only minimal changes. The 
myelin sheaths of a few fibers were swollen and showed alterations of the neuro- 
keratin network, with resulting formation of geometric figures. 


COMMENT 

From a summary of the literature and a review of our case, it is 
obvious that the virus of equine encephalomyelitis when infecting man 
is capable, of producing extensive destruction of tissue, resulting in 
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permanent and often progressive residuals. Since the actual lecognitioii 
of this disease is relatively recent, it is too early to predict the fiequency 
of such sequels. One can safely say, however, that at least in children 
sequelae are not uncommon and may follow infection with either the 
eastern or the western strain. It is interesting that the resulting 
symptoms and signs are remarkably similar in all the recorded cases. 
These consist of convulsions, muscular weakness or paralysis, intellectual 
deterioration and progressive destruction of tissue, as indicated by the 
gradual ventricular enlargement obser-ved in air studies. Since it is 
known from the pathologic studies that the actual injury to tissue 
accompanying the acute western equine infection is not nearly as severe 
as that associated with the eastern variety, it seems unusual that the 
incidence of severe residuals should be so great. In an attempt to find 
an adequate explanation for this occurrence, it might be helpful briefly 
to consider some of the better known neurologic conditions in which 
lesions resemble those obseiwed in cases of chronic equine encephalitis. 
Fundamentally, in our case there had occurred an extensive demyeli- 
nating process with cyst formation and secondary glial reaction. Such 
a pathologic picture resembles in many of its features the lesions seen 
in cases of cerebral anemia or of severe hypoglycemia (Doring,^® 
Kammy,^^ Gildea and Cobb,^“ Baker It is well known that vascular 
occlusion, regardless of the cause, will result in breakdown of the sur- 
rounding tissues, with secondary glial repair. When larger vessels are 
involved and the breakdown of tissue is fairly rapid, the glial elements 
frequently do not invade the destroyed area but proliferate about the 
peripheiy to produce a glia-lined cyst. Doring^'’ and Kammy 
described 4 cases in which the patients died days after severe cerebral 
anemia. These investigators observed damage to cerebral nerve cells, 
vascular congestion and many areas of demyelination, which in some 
legions had transformed the brain into a spongy tissue. Cysts are 
frequently observed in the tissues of older persons, in whom cerebral 
aiteiiosclerosis with vascular occlusion is common. If such vascular 
occlusion were to become widespread, involving many vessels within a 
single lobe of the brain, it is possible to see how extensive cystic 

^ 10. Doring, G. : Cerebral Changes in Delayed Death After Hanging and 
Ligation of the Carotid Artery, Virchows Arch. f. path. Anat. 296:666, 1936. 

^ Histopathologic und Histogenese der Sauerstolf- 

inange s a igung der Gewebe mit besonderer Beriicksichtigung des Gehirns, Beitr. 
z. path. Anat. u. z. allg. Path. 100:248, 1938. 

12. Gildea, E. F., and Cobb, S. ; The Effects of Anemia on the Cerebral Cor- 
te.x of the Cat, Arch. Neurol. & Psychiat. 23:876 (May) 1930. 

13. Baker, A. B. ; Cerebral Lesions in Hypoglycemia: II. Some Possibilities 
ot Irrevocable Damage from Insulin Shock, Arch. Path. 26:765 (Oct.) 1938; 

ere ral Damage in Hypoglycemia: A Review, Am. J. Psychiat. 96:109, 1939. 
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degeneration might result, such as occurred in our case. Hypoglycemia, 
which probably also results in circulatory disturbance, characteristically 
produces a pathologic picture similar, in some respects at least, 
to the lesions seen in cases of equine encephalitis. Lindsay and his 
co-workers described cystic spaces in the brain of their patient who 
died during a hypoglycemic reaction. In cases of hypoglycemia reported 
by one of us (A. B. B.) large areas of encephalomalacia, demyelination 
and c_vst formation were frequent and constant. 

The resemblance of the cerebral lesions associated with chronic 
equine encephalitis to those seen in cases of cerebral anemia and hypo- 
glycemia suggests the possibility that the changes resulting in the equine 
infection might well be on a vascular basis. When one considers the 
vascular changes occurring within the nervous system in cases both of 
acute and of chronic equine encephalitis, it is not difficult to accept such 
a suggestion. In cases of the acute form the smaller arterioles through- 
out the brain show swelling and proliferation of their endothelial lining, 
often with complete occlusion of the lumen. Occasionall}'^ these small 
vessels are surrounded by both polymorphonuclear leukoc)'tes and 
mononuclears, which invade the vascular wall and, with secondary tissue 
proliferation, result in occlusion. Similar widespread proliferative 
endarteritis was observed in our case several years after the acute 
infection. It seems likely that the extensive involvement of small vessels 
could have resulted in localized anemia with patchy cellular and tissue 
damage, changes which would account for the widespread alteration of 
nerve cells throughout the gray matter of the nervous system. Tlie 
irregularity of the cell changes certainly adds weight to sucli an expla- 
nation. It is more difficult to account for the extensive demyelination 
and cyst formation on a similar basis. HowcA’-er, if one again refers to 
the alterations reported in cases of death from the acute form, it is 
obvious that extensive changes also occur within the larger cerebral 
vessels. These vessels do not show endothelial increase but frequently 
contain pus cells enmeshed within the adventitia. The lumen is often, 
filled with neutrophils, which appear as a septic thrombus completely 
occluding the vessel. Such involvement of the larger vessels could 
easily account for the extensive demyelination and cyst formation seen 
with the more chronic form. It is inevitable that such occlusion of 
large vessels should result in extensiA’^e damage to the brain, in a manner 
similar to that accompanying an}’- other type of vascular thrombus. 
Signs of acute inflammatory reaction AA’-ere entirely absent in our case, 
but such elements Avould naturally tend to disappear after the acute 

14. Lindsay, J. W. ; Rice, E. C. ; Selinger, M. A., and Misli, K. W. : Protamine 
Insulin as a Contributing Factor in the Death of a Diabetic Patient Avith Cerebral 
Arteriosclerosis, Ann. Int. Med. 10:1892, 1937. 
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mness and would probably be absent after a period of years. Therefore, 
when the fundamental pathology of this disease is considered, it is not 
difficult to account for the chronic changes, and it becomes apparent 
why such severe residuals might occur even in the face of a relatively 
mild infection, provided the vascular irritation and damage are 
sufficiently great. The observations certainly point to a hematogenous 
spread of the virus, since the fundamental damage appears to occur 
within the vascular structures. All the other tissue changes could well 
be secondary to such vascular alterations. Further evidence pointing 
to primary vascular damage in this disease is the extensive calcification 
occurring within many of the vessels. Calcification frequently follows 
a number of degenerative processes within the nervous system, and when 
present suggests some preceding tissue degeneration. No doubt in the 
present case the extensive vascular damage, with occlusion of the lumens 
and ischemia, had resulted in sufficient tissue damage to stimulate the 
extensive calcification observed. 

SUMMARY AND CONCLUSIONS 

A review of the literature demonstrates that neurologic sequels of 
a chronic and progressive nature may follow the acute infection in cases 
of equine encephalomyelitis. 

A clinicopathologic study of such a case is presented. In this case, 
the lesions consisted chiefly of a destructive process which had produced 
multiple glia-lined cavities within the frontal lobes and widespread 
degeneration of the parenchymal elements throughout the brain. Many 
of the vessels were occluded by an endothelial increase or by deposition 
of calcium within their lumens. 

The extensive vascular damage, with occlusion of the lumens and 
ischemia, appears to be the primary cause of the tissue damage in this 
disease and suggests a vascular s^iread of the virus. 

University of Minnesota Medical School. 
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Not only is dilantin an anticonvulsant but it is capable of producing 
distinct changes of mood. Unlike bromides and phenobarbital, in most 
instances dilantin has a striking effect on psychic equivalents.^ Blair, 
Bailey and McGregor - gave special attention to this action and reported 
that most of their epileptic patients became “more cheerful and con- 
genial, less quarrelsome and complaining, and more easily managed.” 
There is evidence that this effect of dilantin is independent of a decrease 
in the number of convulsions, whereas improvement in intelligence and 
performance tests seems to parallel the reduction in the number of convul- 
sions. Ross and Jackson,® who differentiated carefully between the effect 
of treatment on psychometric rating and that on conduct, mentioned a 
patient whose seizures were controlled by dilantin and who also exhibited 
remarkable improvement in behavior; when dilantin was withdrawn, he 
had no recurrence of convulsions, but he returned fully to his resistive 
manner. 

In view of these results, it seemed appropriate to investigate the possi- 
bility that dilantin might also be capable of influencing mental symptoms 
of other origins. Such an idea seemed conceivable for another reason. 
Gibbs, Gibbs and Lennox ^ were the first to demonstrate a likeness of the 
cortical dysrhythmia of psychomotor epilepsy to that in some cases of 

From Pilgrim State Hospital, Brentwood, N. Y. ; the Neurological Institute 
of New York, and the Department of Neurologj% Columbia University College 
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schizophrenia, which might indicate some relationship between the two 
clinical entities. These authors expressed the hope that schizophrenia 
might also be amenable to chemotherapy. 

The present report is based on an attempt at such treatment by means 
of dilantin. Data on 60 cases are presented. A few remarks about the 
procedure are necessary. Although the large material of a state hospital 
was available, it seemed inadvisable to deal with a great number of 
patients simultaneously ; consequent!}', no more than 4 or 5 patients were 
treated at a time. A special -nurse was assigned to give the drug to be 
certain that the patient really swallowed it. All patients who took the 
drug irregularly were excluded from this report. Symptomatic changes, 
as well as final results, were closely observed. It was felt advisable to 
approach the toxic level as nearly as possible, as is usually done in cases 
of epilepsy, in order to be sure to elicit the maximum effect. For this 


Symptomatic Results in Treatment of Sixty Patients with Dilantin 




No. 

No. 




Greatly 

Moderately 

No. 

Syndrome 

Total No. 

Improved 

Improved Unimproved 

Schizophrenia with syndrome of excitement... 

22 

4 

12 

G 

Schizophrenia -n-ith catatonic stupor 

G 

0 

1 

5 

Other forms of schizophrenia 

13 

2 

3 

8 

Manic-depressive psychosis (manic type) 

9 

0 

3 

1 

Manic-depressive psychosis (depressed type) 

5 

1 

2 

2 

Involutional psychosis 

4 

1 

2 

1 

Mental deficiency (excitement) 

1 

0 

0 

1 

Total no 

. CO 

13 

23 

24 




reason a careful watch for toxic symptoms was kept. The initial daily 
dose was usually 3 or 4 capsules of 0.1 Gm. each ; after two days this dose 
was increased to 5, and later to 6, capsules. Sodium dilantin was used, 
except with the few patients who had gastric irritation with this drug ; 
their treatment was continued with the new acid dilantin in oil. The 
duration of treatment was from two to five weeks in this preliminary 
study. None of the patients received any other special treatment during 
the medication with dilantin ; psychotherapy and suggestive measures of 
all kinds were purposely omitted. 

The difficulty of judging results in treatment of mental disorders 
is well known. We, therefore, tried to reach a better evaluation of the 
iniprovement in each patient by observing him for a short period after 
dilantin was discontinued, and subsequently by employing one of the 
shock treatments. This was done in order to see whether the patient 

had a chance of improvement with any of the methods of treatment at 
present available. 

The table classifies the patients treated according to diagnosis in such 
a way as to give information also on what types of the various disease 
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entities showed responses. The results are designated as “unimproved,” 
“moderately improved” and “greatly improved,” the classification 
referring not to permanent results but to the condition of the patient 
during and at the end of the period of medication. 

Forty-one patients carried the diagnosis of dementia praecox. It soon 
became obvious that the disturbed patients, especially those in catatonic 
excitement, showed by far the best response. Most patients with catatonic 
stupor were uninfluenced. In patients with other types Pf dementia 
praecox, especially the pai'anoid, the results were variable, but, again, 
those with the picture of excitement responded best. Hallucinations 
disappeared in 1 instance only. The patient in this case had vivid 
auditory .hallucinations which troubled him considerably. They dis- 
appeared after five days of treatment with dilantin sodium in doses 
U'^hich Avere gradually increased to 0.5 Gm. daily. Treatment was dis- 
continued two weeks later, and the hallucinations reappeared after four 
da3's. When the patient was again given dilantin, these hallucinations 
disappeared and did not recur as long as he was under treatment. 

In the group with manic-depressive psychosis, patients with manic 
attacks showed by far the best results. Of 9 patients, 5 had complete 
disappearance of manic excitement during the medication. In 2 of these 
5 patients the manic phase Avas folloAved immediately by a depression, an 
occun'ence Avhich is also frequent in spontaneous remissions of manic 
attacks, as Avell as in remissions folloAA'ing convulsiA’'e treatment. Of the 
remaining manic patients, all but 1 improved slightl}\ The depressed 
patients Avithin the group Avith a manic-depressive psychosis and the 
patients Avith involutional psychosis shoAved poor results. Closer study 
of the feAV improved patients in these two groups indicates that only 
disturbed persons Avith the agitated type of depression reacted favorably. 

Our experience Avith this group of 60 patients leads to the conclusion 
that the action of dilantin is not limited to a special group of psychiatric 
disorders, but that this drug has a purely symptomatic action on states 
of excitement in A'^arious psychoses. This effect is obtained in spite of 
almost complete lack of narcotic action. The improA^ement was brief 
in most patients after the drug AA^as discontinued. As Avith epileptic 
patients, they maintained their improA^ement for one or tAvo days after 
the medication Avas stopped. In some patients the effect Avas lasting as 
far as the disturbed phase Avas concerned. With several patients who 
relapsed, dilantin treatment Avas resumed again, and the improvement 
recurred. Such observations indicate that dilantin Avas responsible for 
the achieved symptomatic improvement. It Avas obvious that in schizo- 
phrenic patients the basic symptoms in the spheres of thought and affect 
remained untouched. HoAvever, subsequent electric shock treatment in 
several instances led to a remission after only one convulsion. Usually 
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this improvement takes place only between the fourth and the sixth 
convulsion. Such response to the first convulsion in electric shock treat- 
ment was seen likewise when the convulsive treatment was preceded 
by a course of subconvulsive responses.® Systematic attempts at medica- 
tion with dilantin prior to shock treatment are planned. 

The resemblance of these results in the major psychoses to the effect 
of dilantin on mental symptoms of epileptics is striking. In both 
instances the patient’s excitement, aggressiveness and other disturbances 
of behavior are influenced. The psychotic patient with dangerous 
tendencies becomes pleasant and cooperative. Psychomotor hyperactivity 
and overproductiveness are reduced to a more normal level of activity. 
This effect becomes noticeable only after several days of medication, and 
becomes distinct only when the dose approaches the toxic level. The 
more continuous mental changes of the “irritable” epileptic patient are 
influenced only as long as dilairtin is given. In the same way, the excite- 
ment of the schizophrenic or the manic patient, being a more continuous 
symptom, will usualty reappear a few days after dilantin is discontinued. 
It must be pointed out, however, that there were a few instances of 
lasting symptomatic improvement in schizophrenic patients who remained 
quiet after dilantin had ended the excitement phase. The change was 
also permanent during the period of observation in most manic-depressive 
patients as far as the manic phase was concerned. 

Three short case reports illustrate some of the results. The first 
case represents the usual type of catatonic excitement, which improved 
only as long as dilantin was given, and the second, permanent improve- 
ment of the excitement ; the third case is that of a manic patient who 
quieted down under dilantin but entered a depressed phase. 

REPORT OF CASES 

Case 1. A. A., a white woman aged 34, with a negative famib’ histor}”^ for 
mental disorders or epilepsy, had the first psychotic episode in 1925, at the age 
of 18. She became acutely disturbed and assaultive and was an inmate of a state 
hospital for five months. The second attack occured in 1931, at the age of 24, 
with mood^ changes, paranoid trends and misidentification of those about her. She 
assumed bizarre postures and showed mannerisms. This attack lasted nearly one 
year. The present attack started in February 1941. She cried, had delusional 
ideas of^ jealousy and of reference and finally became resistive and assaultive. 
On admission to the Pilgrim State Hospital on April 2, 1941, she was constantly 
assaultive, soiled and wet herself and talked incoherentlj\ She had to be kept in 
restraint most of the time. 

The diagnosis was dementia praecox, catatonic tj'pe. 

Medication with dilantin sodium was initiated on July 1, with 3 capsules of 
m. each. From Jul)-^ 2 to July 5 she had 4 capsules, and from July 6 to 

5. Kalinowskj-, L. ; Barrera, S. E., and Horwitz, W. A.: The “Petit Mai” 
Response in Electric Shock Therapy, Am. J. Psychiat. 98:708, 1942. 
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July 20, 5 capsules. Her condition remained unimproved for the first ten days 
and then showed a definite change. She lost all the features of her catatonic 
excitement and was no longer assaultive, but became quiet, cooperative and tid^". 
However, she remained silly and unreasonable, and her tliought content was 
unchanged. She was kept under dilantin for ten days after the improvement 
began. She maintained her improvement for one week after the medication was 
discontinued. Then she again became excited and continued to be acutely dis- 
turbed. On August 8 a course of electric shock treatment was initiated; after 
the first convulsion she had a complete remission. She left the hospital on Sept. 
28, 1941 and has been in excellent condition since. 

Case 2. — E. H., a white woman aged 20, with a negative family history for 
mental disorders or epilepsy, showed her first psychotic symptoms in 1939. She 
had delusions of persecution and thought that people were spying on her. She 
was still socially well adjusted. Early in 1941 she began to talk incoherently 
and became manneristic and later unmanageable. On Aug. 27, 1941 she was 
admitted to Pilgrim State Hospital. She presented the syndrome of catatonic 
dementia praecox just described. During her stay in the hospital she became 
acutely disturbed. When treatment with dilantin was initiated, she was so 
agitated that she had to be kept in continuous tubs. 

From September 28 to October 20 she received 4 capsules (0.1 Gm. each) 
of sodium dilantin daily. After only three days of medication she became quiet 
and during the succeeding days lost her mannerisms and became coherent, pleasant 
and cooperative. She maintained this striking improvement not only during the 
treatment but after discontinuance of the medication. Despite this, however, 
she remained seclusive, showed inadequate affect and was underactive and at times 
hallucinated. It was for this reason that she was given a course of twenty electric 
convulsive treatments in November and December 1941. She had a full remis- 
sion and was paroled on Jan. 25, 1942. She has been in good condition since. 

Case 3. — B. S., a white woman aged 46, with a negative family history for 
mental disorders and epilepsy, in 1940 became acutely disturbed, overtalkative 
and overactive. She was admitted to a private institution, where she improved 
only slightly. On May 7, 1941 she was admitted to Pilgrim State Hospital. She 
showed continuous psychomotor agitation, singing, dancing and screaming, and 
was overactive and at times assaultive. There were no delusions or hallucinations. 

The diagnosis was manic-depressive psychosis, manic type. 

On Aug. 18, 1941 medication with sodium dilantin was started. From August 
18 to August 27 she received 4 capsules (0.1 Gm.) daily; from August 28 to 
August 29, 5 capsules, and from August 29 to September 2, 6 capsules. Five 
days after medication was started she became quiet and cooperative. During the 
succeeding days, while she ^yas still receiving 4 capsules of sodium dilantin, her 
condition changed radically. Her facies became sad; she became mute, had to be 
spoon fed and was underactive. She continued in this stupor-like condition when 
the dose of dilantin was increased to 5 or 6 capsules. When medication was 
discontinued, she did not show further change but remained in a depression, which 
later was treated successfully with shock therapy. 

It would be of interest to correlate these therapeutic results with the 
encephalographic features. The incidence of cerebral dysrhythmia in 
cases of schizophrenia has again been shown recently by Finley and 
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CampbeW.'' We are tmaUe at present to report whether or not in 
schizophrenic and manic patients also disappearance of an abnormal 
electroencephalographic rhythm parallels the clinical improvement under 
treatment with dilantin. Since many of our patients were disturbed 
and uncooperative, electroencephalographic studies were hardly possible 
and were, therefore, omitted in this preliminary study. From the stand- 
point of diagnosis it was felt that electroencephalographic records were 
not indispensable because only patients with disturbances representative 
of the various psychoses were selected for treatment. As the majority of 
our disturbed patients benefited from the treatment, it is difficult to 
believe that all of them were “epileptoid.” 

Comparison with other therapeutic procedures shows the striking 
similarity of our results to those reported in cases of prolonged sleep 
treatment with barbiturates. Here, also, the good responses in patients 
with catatonic excitement and manic attacks and the poor response in 
depressed patients have been clear." The original explanation offered 
for the effect of prolonged sleep treatment was that it induced rest of 
certain parts of the brain and permitted a better psychologic approach 
to the patient after the period of sleep. Later, however, it was found 
that the depth of the narcosis did not influence the results. Patients 
who never went into a deep sleep benefited from the treatment, and dial 
(diallyl barbituric acid), which produces less sleep, but more often toxic 
symptoms, such as ataxia, was considered superior to other drugs. This 
drug has also been found experimentally to possess anticonvulsant prop- 
erties.® More recent workers in this field concluded that the action of the 
so-called narcosis treatment is purely chemical.” 

In dilantin treatment the hypnotic action can probably be disregarded. 
Even large doses of sodium dilantin — a patient of Aring and Rosen- 
baum is reported to have taken 40 capsules at one time — do not often 
lead to a noticeable soporific action. This seems to constitute a definite 
superiority of dilantin over narcotics such as barbiturates and scopolamine 
in the treatment of psychotic persons. 

6. Finley, K. H., and Campbell, C. M. : Electroencephalography in Schizo- 
phrenia, Am. J. Psychiat. 98:374, 1941. 

7. Muller, M. : Die Dauernarkose mit fliissigem Dial bei Psychosen, speciell 
bei manisch-depressivem Irresein, Ztschr. f. d. ges. Neurol, u. Psychiat, 107:522, 
1927. 

8. Putnam, T. J., and Merritt, H. H. : Chemistry of Anticonvulsant Drugs, 
Arch. Neurol. & Psychiat. 45:505 (March) 1941. 

9. Meerloo, A. M. : On the Action of Barbituric Acid Compounds : A Con- 
tribution to the Prolonged Narcosis Treatment of Mental Symptoms, T. Ment 
Sc. 79:336, 1933. 

10. Aring, C. D., and Rosenbaum, M, : Ingestion of Large Doses of Dilantin 
Sodium, Arch. Neurol. & Psychiat. 45:265 (Feb.) 1941. 
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In addition to the practical use which this preliminary study suggests, 
the results seem of interest for an understanding of the action of dilantin 
in epilepsy. It can be concluded that the efficacy of dilantin in treatment 
of psychic equivalents is in no way specific for epilepsy, unless the con- 
ception of epilepsy is enormously expanded. Dilantin was first recognized 
as an anticonvulsant. The observations reported here demonstrate that 
dilantin has an effect on disturbances of mood, not only in epilepsy but 
in various other types of ps3'chiatric disorders. 

An increasing body of evidence is accumulating in favor of a chemical 
concept of both epilepsy and the major psychoses. Such a concept is 
supported, for example, by many recent electroencephalographic studies. 
Attempts at similar forms of chemical treatment for both groups of dis- 
eases possess theoretic interest and, it appears, some promise of practical 
results. 

SUMMARY 

Sixty psychotic patients, chosen as representing clear and typical 
instances of the more important major psychoses, were treated with 
dilantin in doses increased up to the point of tolerance. Improvement 
occurred in over half the patients during the period of treatment. It con- 
sisted usually of diminution of excitement and irritability, almost irrespec- 
tive of the type of the psychosis. The patients tended to relapse when 
the drug was withdrawn. These results seem to justify a further stud}'’ 
of the use of dilantin for psychotic states. 

Dr, Harry J. Worthing, director of the Pilgrim State Hospital, made the 
patients available to us. 

The dilantin was supplied by Parke, Davis & Co., Detroit. 
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The neuropsychiatrists of the West are, I am sure, honored and 
delighted that the}^ have been able to lure you from the deep reaches of 
the Atlantic seaboard, and they welcome you. 

In 1875, one of the founders of the American Neurological Asso- 
ciation, James Stewart Jewell, who had been elected first vice president, 
presided as the first president of this association, when S. Weir Mitchell, 
who had been elected president, was unable to attend and requested 
that his name be removed from the list of officers. This office Jewell 
held for the next four years. Jewell was the first professor of psycho- 
logical medicine and neiwous diseases, and later professor of nervous 
and mental diseases, of Northwestern University Medical • School. 

It is a source of gratification to me that the association is meeting 
within a biscuit’s throw of this medical school. That I, inadvertently 
a successor to the chair held by Jewell, have been elected your president 
for this meeting evokes a feeling of gratitude of course, but, in addition, 
one of humility in the recognition of my unworthiness to follow in the 
footsteps of 111 }' great predecessors. 

I never realized how inarticulate I am until I contemplated the 
writing of this address. I am not a philosopher, a historian or a 
prophet; neither have I contributed any noteworthy conception of 
research; in fact, what I have contidbuted has been looked on, by my 
friends in physiology, with amazement at the ununderstandable attempts 
to understand something. 

I am going to describe, briefly, the effect on man of some of the 
environmental changes met with in war, to indicate my recognition that 
none of these alone or combined seems to be the causative factor in the 
war neuroses and to come to the bewildering conclusion that I do not 
believe the evidence and ask for further research. 

As a young man, the assignments given me in the first World War 
made available a veritable treasure house of clinical material, which, 
because of my inexperience and only partial, and at times faulty, 
knowledge, coupled with the intolerance and brash confidence of youth. 

Address delivered at the Sixty-Seventh Annual Meeting of the American 
Neurological Association, Chicago, June A, 1942. 
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served, as I now see, only incompletely to teach me the lessons brought 
before me. 

As, in retrospect, I remember the plentitude, variety and richness 
of this material, I become hopeful of again being permitted to study it. 

Conditioned by my beloved chief, Patrick, with his love for France 
and wealth of memories of French neurologists, to an intense intei-est 
in hysteria, I looked forward to my experience with avidity. At the 
beginning I first met with hysteria in the general hospital in Atlanta, 
Ga., where Bowman and I rapidl}’- made a whispering chorus sing with 
the aid of painful faradism. 

I was steeped in it at the time when, in Limoges, by means of 
cathedrals, lunch and a modicum of wine, I circumvented our dear 
John Rhein from making an inspection of my neurologic wards in order 
to prevent the otherwise necessary report of disobedience to orders to 
transfer soldiers suffering from psychoneuroses to base hospital 117. 
I remember my contempt for and impatience with those who proposed 
a jDossible organic background for the development of the condition 
easily identified as hysteria, for Mott and his theory of carbon monoxide 
poisoning and for the preoccupation of Crile with methods of cutting 
trenches to increase the damping effect on blast; equally clearly I 
remember my success in dissipating the major stigmas of hysteria, 
tremor, tic, mutism, aphonia, paralysis and contracture. With greater 
clarity I remember with chagrin the punishment by painful faradism 
to which I subjected a soldier suffering from encephalitis lethargica, 
because of my failure to find objective evidence of disease to account 
for his inactivity and inaccessibility to current literature ; my shame and' 
enlightenment when Ramsay Hunt told me of an epidemic of encephalitis 
among the troops and demonstrated cases of the disease to me in his 
hospital. 

Such memories are common to many. As I review my experience 
and the experience of others as reflected in the literature, I am not 
satisfied; in relation to what seemed self evident before, some doubts 
appear. It is as though one saw only the ends of the spectrum. It is 
not so much a question of Tweedledum and Tweedledee, of somatic and 
psychic, as of what happens to man under environmental changes. 
What are the separate results of these changes ; how are they related 
to each other, and how do they, by a final common pathway, result in 
disease? 

In the laboratory of war man is subjected to extremes of every 
known environmental change — among others, to starvation, dehydration, 
fatigue, sleeplessness, cold, heat, inundation, noise, Vibration, compres- 
sion, decompression, anoxia, acceleration, deceleration, concussion, 
collision, disease and psychologic dislocations. 
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The effects of many of these conditions were not adequately studied 
during the first World War, in part because of a difference in points of 
view. As Turner ^ said : 

Ii\ the writings of the earlier observers on this subject, and in some at the ' 
present time, there is a tendencj' to attribute many of the phenomena of shell 
shock and the war neuroses to pliysical causes, such as concussion, fatigue, or 
gas poisoning, and perhaps to ignore, or at all events underestimate, the influence 
of the psychical factor. . . . The modern school of psycho-pathologists, on 
the other hand, may incline too much in the contrary direction, and claim all 
the symptoms of the war neuroses to be of psychogenetic origin. 

That one or the other point of view militated against a complete 
investigation is emphasized in the statement of Myers “ : 

In this country, at least, we have been paying so much attention to the mental 
aspect of the war neuroses tliat a detailed examination of the accompanying 
bodily symptoms has been generally neglected. 

What is known of the effects of fatigue, loss of sleep, fear, horror, 
rage and the like and concussion? How much do such changes, some 
reversible, some irreversible, contribute to the after-development of a 
disease, somatic or psychic, and what somatic changes result from 
psychic disorders ? 

FATIGUE, EXHAUSTION AND LOSS OF SLEEP 

Although fatigue, muscular and general, has been studied experi- 
mentally, as produced by prolonged or severe exercise or long-continued 
monotonous tasks, and in industry, states of exhaustion, such as were 
observed in the first World War, have not been investigated. This 
exhaustion was the product not of muscular overactivity alone but of 
associated environmental changes of starvation, dehydration, loss of 
sleep, wounds, disease, pain and emotion. 

The character of this fatigue may be illustrated by Crile’s ^ descrip- 
tion, with excerpts from the statement of Dr. Gros, of the American 
Ambulance Corps. 

After a sustained and heavy action at Mons, being overpowered by the enemy, 
the allied armies began the retirement wdiich continued for nine days and nine 
nights. One hundred and eighty miles of marching without making camp is the 
story of that great retreat in which the pace was set by the enemy. Onff’’ rarely 
were sufficiently long halts made for the men to catch a few moments of rest. 

. 1. Turner, W. A.: The Bradshaw Lecture on Neuroses and Ps}'choses of War, 
Lancet 2:613-617, 1918. 

2. Myers, C. S. : A Final Contribution to the Study of Shell Shock, Lancet 
1:51-54, 1919. 

3. Crile, G. W. : A Mechanistic View of War and Peace, New York, The 
Macmillan Company, 1915, pp. 22 and 24. 
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Gros continued “ : 

When the ambulances arrived at Mcaux at midnight they found the town in 
utter darkness. Not a sound was heard in the street, not a light was seen. . . . 
Pushing open the door of a dilapidated school building, they found the building 
packed with wounded — over five hundred — with all kinds of wounds. Some 
were dying, some dead, but every one was in a deep sleep. Bleeding, yet asleep; 
legs shattered, yet asleep; abdomens and chests torn wide open, j'et asleep. They 
were lying on the hard floor and on bits of straw. Not a groan, not a motion, 
not a complaint — only asleep. 

That sleep is one of the fundamental protective agencies against 
exhaustion and is a remedy for the extreme state is vividl}" portrayed 
in Hurst’s quotation from a war correspondent’s report, in the 
Daily Chronicle of April 3, 1918, of men who fought continuously for 
six days and nights. 

They were tired almost to death, and when called on to make one last effort 
after six days and nights of fighting and marching, many of them staggered like 
men who had been chloroformed, with dazed eyes and grey and drawn faces, 
seemingly speechless ... at the gasp of strength. Towards the end of this fight- 
ing they had a drunken craving for sleep, and slept standing with their heads falling 
against the parapet. In body and brain, these men of ours were tired to the point 
of death. They felt like old men. Yet after a few days’ rest they were young 
and fresh. It was almost impossible to believe they were the same men. They 
had washed off the dirt of battle and shaved, and the tiredness had gone out 
of their eyes and their youth had come back. 

Many factors other than muscular overactivity and loss of sleep con- 
tributed to this state of exhaustion. Zabriskie and Brush ® described 
the physical and emotional fatigue among men “undergoing a new'^ 
terrifying experience of open warfare under intense artillery fire for 
four days: No sleep, little food, and practically no water. The 
dehydration effects of these states were quite remarkable.” The 
importance of emotional tone on the production of exhaustion is 
illustrated by Kennedy,® who contrasted the large number of cases 
occurring in the ten day retreat by the British Fifth Army, from Llarch 
21, 1918, the men so fatigued that they could not stand, with the absence 
of cases of fatigue during the continuous victorious battle ending 
November 11. Despite the many agencies contributing to this type of 
exhaustion, one may profitably revierv what is known of some of them, 

4. Hurst, A. : Medical Diseases of War, Baltimore, Williams & Wilkins 
Compan3’^, 1941, pp. 123-128. 

5. Zabriskie, E. G., and Brush, A. L. : Psychoneuroses in War Time, Psy- 
chosom. Med. 3:295-329, 1941. 

6. Kenned 3 % F. : Fatigue and Noise in Industr 3 ', New York State J. Med. 
36:1927-1933, 1936. 
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the better to determine what remains to be learned in the cases 
encountered in war. 

One is surprised to find so little in the literature concerning the 
effects o{ prolonged loss of sleep. Some changes in the brain, medulla 
or spinal cord have been observed. Thus, Okazaki ‘ noted alterations 
in animals with a survival period of from eleven to seventy-seven days ; 
Bast and Blomendal ® observed lesions in rabbits after eight to thirty-one 
days, which often led to collapse and death, and Crile ® noted alterations 
in rabbits after ninety-six to one hundred and eighteen hours. Pieron 
and others observed similar changes. In all, the changes were chiefly 
in the ganglion cells and consisted in disappearance of Nissl granules, 
displacement of nuclei and vacuolation — ^in short, alterations of the 
axonal type, which is known to be reversible. Changes of uncharac- 
teristic nature have been reported in the cells of the liver, the adrenal 
glands and the thyroid. 

Kleitman “ kept subjects awake from forty "to one hundred and 
fifteen hours ; Rakestraw and Whittier,^- forty-eight hours and Krisch,^® 
seventy-two hours. In none were there reported significant changes in 
the heart rate, blood pressure, temperature, basal metabolic rate or 
composition of the blood, including the dextrose, nonprotein nitrogen, 
urea, uric acid, creatinine, chloride and phosphate contents and the 
alkali reserve. After the subjects had been kept awake for ninety-two 
to one hundred and forty-three hours, Patrick and Gilbert observed 
hypothermia, which was also noted by Tarrozzi after nine, thirteen 
and seven days. Scattered reports of diminution in heart rate, fall of 
blood pressure, increase of carbon dioxide tension of alveolar air and 

7. Okazaki, S, : An Experimental Study of the Lack of Sleep, Psychol. Abstr. 
2:628, 1928. 

8. Bast, T. H., and Blomendal, W. B. ; Studies in Experimental Exhaustion 
Due to Lack of Sleep: IV. Effects on the Nerve Cells in the Medulla, Am. J. 
Physiol. 82:140-146, 1927. 

9. Crile, G. W. : Studies in Exhaustion: An Experimental Research, Arch, 
Surg. 2:196-220 (March) 1921. 

10. Pieron, H. : Le probleme physiologique du sommeil, Paris, Masson & Cie, 
1913. 

11. Kleitman, N. : Studies on the Physiology of Sleep: 1. The Effects of 
Prolonged Sleeplessness on Man, Am. J. Physiol. 66:67-92, 1923. 

12. Rakestraw, N. W., and Whittier, F. O. : The Effect of Loss of Sleep on the 
Composition of the Blood and Urine, Proc. Soc. Exper. Biol. & Med. 21:5-6, 1923. 

13. Krisch, H.: Weiter Beitrage zur Pathophysiologic der “epileptischen 
motorischen Varianten” und der migranosen Hirnstammsyndrome (Kombination 
mit Chorea, Schlafsucht). Ztschr. f. d. ges. Neurol, u. Psychiat. 98:80-92, 1925. 

14. Patrick, G. T. W., and Gilbert, J. A. : On the Effects of Loss of Sleep, 
Psychol. Rev. 3:469-483, 1896. 

15. Tarrozzi, cited by Kleitman.'^^ 
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rise of electrical skin resistance and controversies over decrease in the 
blood calcium may be found, but there appears to be no correlation of 
changes which would lead to a conception of the response of the body 
to such stimulation as this state may call forth. This, as will be seen, 
is in contrast to the conception with regard to exhausting muscular 
exertion. However, a clue to the trend of future research is found 
in the recent studies on the hypothalamus, in which the condition of 
sleep is found to be the antithesis of the activities and reactions of the 
sympathetic and somatic processes involved in emotional expression. 
Thus, Ranson stated : 

The hypothalamus is the center for integration of sympathetic and somatic reac- 
tions involved in emotional expression, and its activation produces a thoroughly 
excited animal with active visceral and skeletal musculature. 

He found that bilateral destruction of the lateral hypothalamic area leads 
to somnolence, and it is this same area stimulation of which produces 
most readily combined sympathetic and somatic excitation. This area 
he concluded to be the center for the integration of emotional expres- 
sion, and he suggested that it be termed the waking center. When it 
is thrown out of function, somnolence ensues. 

Such fatigue as may be the result of healthy persons’ being subjected 
to exhausting physical exercise has been more adequately studied. 
Hastings has well described the condition necessary for efficient 
muscular activity. Such activity is dependent on “an adequate supply 
of material for combustion, of oxygen to effect this combustion, and 
upon the removal of the products of cellular activity.” Inability to 
maintain this acceleration of processes and to keep them integrated as 
a unit comprises the conception of fatigue. 

During a bout of severe exercise, lactic acid is formed rapidly r 
such as cannot be removed by oxidation at the time must accumulate in 
the muscles. During the period of exercise the amount of oxygen which 
has been taken in by the subject is small as compared with that needed 
to prevent the accumulation of lactic acid. The additional greater 
amount of oxygen known as the oxygen debt can be supplied only during 
the subsequent period of rest. As soon as the exercise is commenced, 
and continuing well into the period of recoveiy, increase in rate and 
depth of respiration occurs. From whatever stimulus this follows, there 
is an increase both in carbon dioxide pressure and in the hydrogen ion 
concentration of the blood. The respiratory quotient is increased. 

16. Ranson, S. W. : Somnolence Caused by Hypothalamic Lesions in the Monkey, 
Arch. Neurol. & Psj^chiat. 41:1-23 (Jan.) 1939. 

17. Hastings, A. B. : The Physiology of Fatigue, Public Health Bulletin 117, 
United States Treasury Department, Public Health Service, 1921. 
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Some of this effect is due to the greatly increased rate of ventilation 
and some to the rapidly accumulating lactic acid, which results in one 
or another manner in the displacement of carbon dioxide. In spite of 
the increased ventilation, there remains an accumulation of lactic acid 
in the body. Therefore, after the conclusion of severe exercise, when 
the intake of oxygen is reduced, the elimination of carbon dioxide con- 
tinues until the hydrogen ion concentration of the blood is reduced to 
its resting level. 

The participation of the nervous system in effecting a coordination 
of some of the processes necessary to meet the emergency of increased 
muscular activity has been described by Cannon.^® He has shown how, 
when continuous muscular activity reduces the sugar in the blood, the 
sympathetic mechanism of the adrenal is stimulated and sugar is liberated 
from storage in the liver. 

As is well known, vigorous muscular activity is associated with the 
development of heat. Cannon pointed out that should there be no loss 
of heat the increase of oxygen intake during vigorous steady exercise 
would be enough to raise the body temperature to 109 F. To protect 
the body, the sympathetic neiwous system acts to produce peripheral 
vascular dilatation, to the end that the hot blood loses some heat by 
convection and conduction and by liberation of sweat, with resulting 
evaporation and carrying off of heat. A mechanism to prevent dangerous 
acidosis from increased lactic acid and carbon dioxide lies in relaxation 
of the bronchioles through stimulation of the sympathetic nerve supply to 
the bronchioles, with resulting increase in ventilation. To meet the 
greatly increased need of oxygen, blood is driven from the splanchnic 
area by splanchnic vasoconstriction, and the heart rate increases and the 
blood pressure increases. In addition, by contraction of the spleen there 
may be an increase of red corpuscles in circulation, amounting to as much 
as 25 per cent. 

The important relation of starvation to fatigue may be explained 
by the fact that carbohydrate is the real fuel used by contracting muscles, 
and when the carbohydrate store has been used up, as under conditions 
of deprivation of food, other substances, such as fat, can be called on and 
the respiratory quotient may be lowered, the blood sugar may be 
diminished and acetone may appear in the urine. 

Of great interest are Hill’s experiments on vapor pressure. He 
demonstrated a considerable rise of osmotic pressure in a frog’s muscle- 
stimulated anaerobically and showed an increment in the osmotic pressure 

18. Cannon, W. : ■ The Sympathetic Division of the Autonomic System in 
Relation to Homeostasis, A. Research Nerv. & Ment. Dis., Proc. 9:181-198, 1930. ' 

19. Hill, A. V.: Adventures in Biophysics, Philadelphia, University of Pennsyl- 
vania Press, 1931, p. 29. 
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of the blood of a man drawn a few seconds or less after the subject had 
run at maximum speed while standing in one position. He said : 

May not such a change of osmotic pressure, leading temporarily to a large upset 
in the water distribution of the organism, be the cause of some of the phenomena 
of fatigue? Might not, for example, an osmotic suction of one atmosphere sud- 
denly applied, considerably upset the nervous system? 

The bodily changes associated with emotions are well known — sorrow 
with its tears; worry and vasoconstriction; joy and vasodilatation; even 
temporary loss of muscular control or extraordinary muscular power, 
inhibition of salivary and gastric secretion and contraction of the stomach 
and intestines. Cannon has shown that strong emotions, such as fear 
and rage, evoke the same associated changes as those brought about by 
vigorous muscular movement — liberation of sugar from the liver, pouring 
out of sweat, dilatation of the bronchioles, constriction of the splanchnic 
area, acceleration of the heart and discharge of corpuscles from the spleen 
into the circulatory system — responses rendering the organism more 
capable of supreme and prolonged struggle. 

It has been seen that exhaustion accompanying extreme muscular 
activity, loss of sleep or hunger and thirst alone constituted a condition 
from which recovery was quickl}^ effected by sleep, and that in itself the 
exhaustion was unassociated with the evidence of neurosis. Likewise, 
fear and horror were experienced, and during the time that circumstances 
warranted their occurrence neurosis was rarely encountered. Dide,®^ 
chief medical officer to the twenty-fourth battalion of chasseurs alpins, 
said : 

Two companies who were collected to support the attack, if required, were 
kept standing still and were subjected to accurate fire by heavy artillery. The 
losses were high, inasmuch as we had to remove 32 bodies which had been 
almost blown to pieces, as well as the wounded. After two hours of this experi- 
ence some movement took place. It was thought that the order had been given 
to retire, and I saw half a company making their way to my aid post in a 
bewildered condition, just as if they had been surprised in their sleep. I gave 
them a few words of encouragement, and, new orders having 'meanwhile arrived, 
they returned to the firing line in the most perfect order. 

This episode seemed to Dide to combine all the circumstances likely 
to cause nervous disturbances : the extreme violence of the bombardment 
(several explosions a second), the heavy losses in men killed, the appall- 
ing spectacle of the mutilated bodies and the absence of anything to 
distract attention, the attack occurring as it did to troops standing still 

20. Cannon, W. B.: Bodily Changes in Pain, Hunger, Fear and Rage, ed. 2, 
New York, D. Appleton and Company, 1929. 

21. Dide, M., in discussion on Vincent, C: Sur les accidents nerveux determines 
par la deflagration de fortes charges d’ explosifs. Rev. neurol. 23:573-609, 1916. 
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and wailing to fight. Nevertheless, he observed not a single case of 
nervous disturbance. 

du Roselle and Oberthur said : 

Tlicse men,' with their haggard and hallucinated look, who make no reply to 
questions and do not recognize their officers or fellow-men, retain a lively 
instinct of self-preservation in their subconscious mind. 

Vincent.-’’ likewise, made the observation ; 

In places where projectiles came in large numbers causing deaths and wounds 
I never saw any hysterical phenomena, such as fits, contractures, or paralysis 
of one or more limbs. I saw emotional phenomena only, of which the most 
frequent were tears, trembling, a state of hebetude in which the man does not 
move or answer questions, tachycardia, tachypnoca and micturition. 

Babinski and Froment -■* cited still another incident. 

The last circumstance deserves to be related in some detail, for it may have 
seemed a priori specially suitable for the development of hysterical symptoms. 
It was on August 28, 1914, when the ambulances 1/14 and 3/14 had just been 
drawn up side by side by the Burgonce after a period of ten da5's’ continuous 
retirement which had had a powerful demoralising effect upon the men. All of 
a sudden, heavy shells, which had hitherto been falling at about a mile off, began 
to fall nearer and ended by reaching the ambulance. Although the bombardment 
lasted only an hour, out of an effective of forty men one of the ambulances 
had seven wounded and twelve killed. The latter were hardly recognizable, in 
many of them the trunk had been separated from the limbs, which had been torn 
and hurled to a distance. The effects of the bombardment had made a great 
impression upon the orderlies, to whom this painful episode was unexpected, and 
constituted their baptism of fire. And j’ct, neither that day nor during the follow- 
ing weeks did anj' of them present any hysterical manifestations. 

Some mention should be made of noise. Aside from impairment of 
hearing, sudden loud noise followed by a startle is, as pointed out by 
Kennedy,-’’ associated with an increase of cerebrospinal pressure. There 
are increased blood pressure, increased heart beat and decreased gastric 
motility. Although noise has been studied chiefly in relation to efficiency 
in industry and has been found to produce fatigue or varying degrees of 
exhaustion, further research is indicated, if only from the report of 
Morgan and Morgan on an abnormal pattern of behavior in rats. 

22. du Roselle and Oberthur: Notes additionnellcs (Vincent, C. : Sur les 
accidents nerveux determines par la deflagration de fortes charges d' explosifs). 
Rev. neurol. 23:598-603, 1916; cited by Babinski and Froment.-* 

23. Vincent, C., cited by Babinski and Froment.®* 

24. Babinski, J., and Froment, J. : Hysteria of Pithiatism and Reflex Nervous 
Disorders in the Neurology of War, London, University of London Press, 1918. 

25. Kennedy ,<5 p. 1931. 

26. Morgan, C. T., and Morgan, J. D.: Auditory Induction of Abnormal Pat- 
tern of Behavior in Rats, J. Comp. Psychol. 27:505-508, 1939. 
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Although the response was originally produced by the presentation of a 
situation which heavily taxed the animal’s capacities for discrimination 
(Pavlov-') or by a simultaneous blast of air with the presentation of a 
problem of insoluble nature (Maier -®), Morgan and Morgan were able 
to produce similar reactions by the presentation only of the noise of 
the air blast, which was removed several feet from the animal. There 
ensued circling movements, ticlike movements and then the assumption 
of tonic immobility resembling catatonic stupor, in which visual, auditory 
and tactile stimuli evoked no response. 

Extremes of fatigue, and likewise the responses associated with 
hunger, thirst and noise, have been shown to be relatively quickly cured 
by sleep without any observable I'elation to the development of the 
neurosis. Fear and other extremes of emotional disturbances experi- 
enced during the action evoking them have been shown, rather, to mili- 
tate against the aiDpearance of hysteria. To all, however, my associates 
and I have observed severe bodily responses, many of them of a similar 
nature, calling forth the reserves of the bod}' by participation of the 
peripheral and central representation of the sympathetic nervous system. 
What relation this bears to the later development of the neuroses I 
believe deserves present serious attention. 

BLAST CONCUSSION 

On many occasions, as the result of the blast of an exploding shell, 
soldiers have been thrown violently against a parapet, to the ground, 
buried, bruised and phj'sically injured. Often injury to the central 
nervous system resulted, at times serious, but usually with rapid 
recovery. With these injuries I am not at the moment concerned. 
There is a group of cases, however, in which changes occur as the result 
of 1‘apid and extreme changes in atmospheric pressure and without the 
production of external evidence of injury, but with ensuing severe 
disorders. Illustrative of this is Bartlett’s description pf "a valley of 
death” in the Dardanelles. 

In one corner seven Turks, with their rifles across their knees, are sitting 
together. One man has his arm around the neck of his friend and a smile on his 
face as if they had been cracking a joke when death overwhelmed them. All now 
have the appearance of being merely asleep; for of the seven, I only see one who 
has any outward injury. 

Such examples were not uncommon during the first World War 
and in subsequent wars. In addition, many internal injuries may result 

27. Pavlov, I. P. : Conditioned Reflexes, London, Oxford University Press, 
1927. 

28. Maier, N. R. F. ; Studies of Abnormal Behavior in the Rat : IV. Abortive 
Behavior, J. Exper. Ps 3 'chol. 27:369-393, 1940. 

29. Bartlett, A., cited by Mott.^« 
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from the blast of an exploding shell, hemorrhage of the lungs, rupture 
and hemorrhage of the viscera or hemorrhage and other injury to the 
central nervous system — all without significant external injury. 

To understand the effects of high explosive bombs, it is useful to 
know something of the nature of high explosives. In handbook 5 “Air 
Raid Precautions,” scries may be found a concise description: An 
explosive is a substance which, on application of a suitable stimulus 
to a small portion of the jnass, is converted in a veiy short time into 
other, more stable substances, largely or entirely gaseous. 

A low explosive burns by a process of rapid combustion, but a 
high cxjdosivc functions in a far more rapid manner, known as detona- 
tion. The conversion of the explosive into a more stable gas proceeds 
by a wave of detonation, which passes through the substance with a 
velocity of detonation varying from 15,000 to 25,000 feet (4.5 to 7.6 
kilometers) a second, according to the explosive used. The time taken 
for the detonation of the main filling of a 500 pound (227 Kg.) bomb 
may be assumed to be of the order of one ten-thousandth second. 

The explosive is thus, within its own volume, suddenly converted 
into gas at a very high temperature and pressure. The effect is a sudden 
blow on the immediate surroundings, the violence of which depends on 
the velocity of detonation and the pressure produced. The high pres- 
sure generated by the conversion of the solid explosive into gas causes 
the metal case to swell until it reaches about one and a half times its 
original diameter, when it bursts into fragments or splinters. Immedi- 
ately fragmentation occurs, the hot compressed gases are suddenly 
released and force their way past the fragments with a velocity of the 
order of 7,000 feet (2 kilometers) per second. The air, in contact with 
the gas is suddenly compressed, with the result that an intense blast 
pressure pulse, or shock wave, is formed at the boundary of the gases. 
This air-borne shock wave is analogous to an ordinary sound wave, 
‘except that its amplitude and velocity, and I might add its wave form, 
are greater. As the wave travels outward from the source, its amplitude 
and velocity concurrently decrease, the velocity becoming stable at about 
1,100 feet (335 meters) per second. The violently expanding gases 
may be regarded as constituting a localized zone of expansion. In this 
zone there is essentially an outward movement of gas, giving rise both 
to intense pressure and to dynamic forces, which rapidly diminish with 
distance from the center of the explosion. On the other hand, the blast, 
i. e., the pressure created by explosion in the air which surrounds the 
explosion itself, is propagated by wave motion through the air without 
bodily movement of the air and persists for considerable distances. 
Analogous waves are also generated in the earth or other target in or 

29a. Air Raid Precautions, Handbook 5, London, His Majesty’s Stationery 
Office, 1939. 
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on which the bomb explodes. The probable maximum distance of the 
outward movement of gases and air is 25 feet (7.6 meters) when the 
bomb bursts in the open air. 

The shock wave consists of an initial positive pressure phase followed 
b}' a negative pliase, which is probably followed by a small, decaying 
oscillation. In the initial positive phase the pressure rises almost 
instantaneously to a maximum and then decreases linearly to zero, and 
the suction phase follows. The total duration of the combined positive 
and negative phases is about one-thirtieth second, whether tlie distance is 
50 or 200 feet (15 or 60 meters) from the bomb, but the duration of the 
negative phase varies from three to six times that of the positive phase. 
For a 70 pound (32 Kg.) charge, Zuckerman said that the positive 
l^hase lasts six-thousandths second and the negative phase three- 
hundredths second. In the case of a 60 pound (27 Kg.) charge, the 
velocity is almost 1,500 feet (457 meters) per second at 30 feet (9 
meters) from the charge. The wave pressure is highest in the region 
of the explosion and falls off rapidly the farther it moves away. Thus, 
15 feet (4.5 meters) from a 125 pound (56.7 Kg.) charge the hydro- 
static pressure may be of the order of 220 pounds (99.8 Kg.) per square 
inch (6.5 sq. cm.), whereas 50 feet (15 meters) away the maximum 
pressure recorded will not be more than 10 pounds (4.5 Kg.), these 
figures representing pressure in excess of normal atmospheric pressure 
of 15 pounds (6.8 Kg.) per square inch. Close to the explosion the 
wind pressure may be as great as the hydrostatic pressure. It falls 
more rapidly with distance than does hydrostatic pressure. Of impor- 
tance is the author’s observation that the velocity’- and duration of a 
pressure wave are such that a body as large as a human being could 
certainly be completel}’- immersed for an instant in a wave of almost 
uniforml}^ raised pressure. The wavelengtli of the negative phase is 
given by the “Handbook” as 30 feet (9 meters). 

Sutherland stated that in some cases of blast compression, wave ' 
pressures up to 200 atmospheres have been observed. When a wave 
meets a wall, the wall may be set into vibrations like a diaphragm, and 
the impact may be violent enough to fracture the skull of any one resting 
against the wall. This, of course, is in case the Avail is in an enclosed 
space. 

Much has been Avritten about the “suction” effect, A^ariously 
described as recoil, aspiration or decompression. One explanation is 
that the hot gases expand to a volvAine determined by their high tempera- 
ture and then cool and contract to a smaller volume, with creation of a 
partial vacuum. It is probable, hoAvever, that no overshooting results. 

30. Zuckerman, S.: Experimental Study of Blast Injuries to the Lungs, Lancet 
2:219-224, 1940. 

31. Sutherland, G. A.: The Physics of Blast, Lancet 2:641-642, 1940, 
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II seems more likely that the effect is the result of a wave of rarefaction 
following immediately on the wave of compression. The order of 
change of pressure to less than atmospheric is, of course, far less than 
the positive change and could never exceed 15 pounds per square inch; 
as already noted, its duration is far greater. 

In addition to the effects of change in atmospheric pressure and the 
dynamic effect of a traveling wave, an explosion in a confined space 
instantly deoxygenates the air and produces a high concentration of 
carbon monoxide and nitrogen monoxide, which Hill stated, if 
inspired by man, may produce death. Likewise, Sydenham expressed 
the opinion that the detonation of 50 to 100 pounds (22.7 to 45.4 Kg.) of 
trinitrotoluene could produce enough carbon monoxide in the immediate 
vicinity to give rise to the characteristic poisonous effect of this product. 
Logan”* also noted that under favorable conditions of undue heavy 
atmospheric conditions, violent and prolonged bombardment may cause 
a collection of carbon monoxide of sufficiently high concentration to 
cause poisoning; he noted the presence of carbon monoxide in the 
blood of men who had been killed or wounded and observed that the 
substance might also be found when the bursting shell had not produced 
any external wound. 

From the foregoing ohservation, it may be seen that the effect on 
any object or man will depend, among other things, on the distance from 
the center of explosion. Thus. Carver and Dinsley ”” described three 
zones about the point of detonation: In the nearest, or the zone of 
brizance, all life is destroyed. Hughes and Banks ”” noted the rending 
of soldiei's into pieces, disintegration rather than rending, and stated 
that these effects were less often noted in the open and were not much 
felt beyond 30 yards (2.7 meters). In the next zone, carbon monoxide 
was under compression, and death without external evidence of injury 
occurred, with capillary hemorrhages in the nervous system ; farther out 
in this zone a state of stupor and awkward gait were noted. In zone 
3, no serious lesions were produced, but later neuroses developed. 
These zones must differ in size, dependent on the size and character of 
the explosive, and such a division is valuable only to point out the 
varying degrees of effect, from that of the greatest disruptive force to 
that in which demonstrable changes are absent. 

32. Hill, L., cited by Molt.'*'’ 

33. Sj^denliam, T., cited by Mott.'*'’ 
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35. Carver, A., and Dinsley, A. : Some Biological Effects Due to High 
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It may be of interest to inquire into the mechanism whereby the body 
is affected by such environmental change. 

With respect to injur)’’ to the body in general, and to the lungs in 
particular, there has -been some difference of opinion, but recently 
evidence is being adduced that, for the most part, it is brought about by 
tlie blow of the expanding, rapidly moving shell of increased pressure. 
As to the effect on the lungs, the belief has been expressed by some that 
the lesions are the result of lowering of alveolar pressure by the suction 
wave, acting through the respiratory passages with consequent rupture 
of the alveolar capillaries. This possibility was suggested by Logan 
and by Shirlaw and was indicated in the French shelter tests, and it 
was also the view held in discussions on the casualties which occurred in 
Spain. The second possibility is that the lesions in the lungs are due 
to the impact of the pressure wave on the chest wall. Kretzschmar,^® 
likewise, subscribed to this belief, and the experiments of Zuckerman 
strongly suggest that this is the mechanism responsible for injury to the 
lung. ^ 

With respect to injury to the nervous system, it has been suggested 
that as the result of reduced atmospheric pressure, during the suction 
part of the wave, gas emboli are formed, as in caisson disease- Of this 
explanation. Hill said that he could not see how alteration of air 
pressure could do more than act on the gas in the intestine and in the 
lungs, and he expressed the belief that such injuries as occurred were 
the result of deoxygenation of the blood or of concussion. Surgeon 
General Stevenson suggested that the sudden increase of atmospheric 
pressure, lasting only a fraction of a second, could not produce death, 
as in cases of caisson disease (the latter, of course, is concerned more 
with the decrease of pressure> but the time relations hold true), and he 
likewise concluded that the results were due to concussion.' But Thomas 
pointed to the sudden snatching away of atmospheric pressure around 
the bodies by the voracious A'acuum suddenly produced outside. Many of 
the French writers, including Ravaut,^^ Heitz,^- Guillain and Sollier 

37. Shirlaw, G. B. : Casualty: The Training, Organization and Administra- 
tion of Civil Defence Casualty Services, London, Seeker & "W^arburg, 1940. 

38. Kretzschmar, C. H. : 'Wounds of the Chest Treated by Artificial Pneumo- 
thorax, Lancet 1:332-334, 1940. 

39. Stevenson, W. F. : Note on the Cause of Death Due to High-Explosive 
Shells in Unwounded Men, Brit. M. J. 2:450, 1915. 

40. Thomas, J. L. ; Death from High Explosives Without Wounds, Brit. M. 
J. 1:599, 1917. 

41. Ravaut, P. : Etude sur quelques manifestations nerveuses, determinees par 
le “vent de 1’ explosif,” Bull. Acad, de med., Paris 37:717-720, 1915. 
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and Charticr.'^ ascribed the changes in the central nervous system to 
the atmospheric decompression resulting from the^ explosion; thus, 
Guillain said that the nervous phenomena resulting from the detonation 
of modern projectiles arc analogous to those of caisson disease and result 
from the rapid changes in atmospheric pressure. 

With regard to subjection of man to increase of pressure alone, it 
is well known tliat enormous ju'essurcs may he exerted on biologic tissue 
witliout apparently disturbing its function. In relation to caisson 
disease, llaldanc pointed out that when the body, which, with the 
exception of hone and air-containing organs, is similar to a fluid mass, 
was surrounded by an increase of pressure, every particle instantly 
attained the same degree of pressure as that to which the body was 
subjected. In this connection, I may mention some recent unfinished 
experiments which Dr. Finkelman, Dr. Tigay and I have been con- 
ducting. On measuring the cerebrospinal fluid pressure of dogs subjected 
to increase of atmosplicric pressure in a pressure chamber by means of 
a balancing manometer outside the chamber, we found that at the height 
of compression the cerebrospinal fluid pressure was less, and at the 
return to normal pressure it was higher, than the pressure of the ambient 
air. This seeming disagreement with Haldane’s statement we believe 
to be due to the fact that atmosphere can act on the intracranial contents 
only through the entering and emerging viscous elastic blood vessels at 
the base of the skull. 

In regard to the possible formation of gas bubbles, although the 
order of change of pressure from the height of compression to the lowest 
point of decompression would be sufficient, the time is too short to permit 
the escape of gas from the blood. With regard to the effect of some 
physical blow, such as concussion, on the nervous system, it was gen- 
erally stated that the cerebrospinal axis was in some way shaken up. 
Logan mentioned the possibility that commotio cerebri would be caused 
b}' the transmission of intense vibrations through the bony structures to 
the central nervous system. However, it is known that a detonation 
does not produce a succession of waives, as in vibration, but a single one. 
Nevertheless, the body might be made to vibrate according to its own 
frequency, but the amplitude would be small indeed, 

Mott"*® expressed the opinion that high pressures might suspend 
vital centers in the medulla, but Hooker showed from his experiments 

44. Sollier, P., and Charticr, M. : La commotion par explosifs et ses conse- 
quences sur le systeme nerveux, Paris med. 17:406-414, 1915. 

45. Haldane, J. S.: Respiration, New Haven, Conn., Yale University Press, 
1935, p. 331. 

46. Mott, F. W. : The Lettsomian Lectures on the Effects of High Explosives 
upon the Central Nervous System, Lancet 1:331-338, 441-449 and 545-553, 1916. 
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that such was not the case. Mott stated the belief that the action of 
compressed gas and air in striking the body as a solid would produce 
vascular disturbances. 

In addition to the effect of direct concussion by burial or bruising 
through impact against the ground or a wall or parapet, much remains 
to be explained about indirect concussion by impact of the moving wave 
of compression. Although Hooker raised the question whether the 
symptoms of air concussion were not ultimately similar to those of trau- 
matic concussion, the answer is not at hand. In relation to this, since in 
cases of blast concussion clearcut histologic evidence of injury is absent, 
and since the same observation holds true for concussion experimentally 
produced in animals by blows delivered at a velocity of from 25 to 28 
feet ( 7.6 to 8.5 meters) per second, Fulton asked whether there is any- 
thing in common between direct traumatic concussion and blast con- 
cussion. He stated : 

A wave of moving pressure that gives acceleration to the body by virtue of its 
impact on the body wall — and hence imparts an acceleration to the body as a whole, 
including the head — reproduces in a very precise manner the type of acceleration 
or deacceleration known to be essential for the traumatic-concussion syndrome. 

Other causes for the circulatory collapse described by Hooker should 
be sought, and it is of interest to recall the experiments of Capps and 
Lewis on the condition which they called pleural shock. It would also 
be of interest to measure the order of changes in intracranial, venous, 
arterial and cerebrospinal fluid pressure, which follow sudden, severe 
compression of the chest and abdomen. There remains also the question 
of fat emoblism. McKibben said that observations on dogs indicate 
that there are no quantitative differences between the fat, recognized 
histologically, in the vessels of normal control animals, and that demon- 
strated in dogs subjected to concussion and prolonged aaresthesia. 
However, de Guitei'rez-Mahoney reported that in cases of concussion 
widespread demyelination of nerve tracts, followed by the transient 
appearance of fat droplets throughout the cerebral substance, can be 
detected ; outspoken fat embolism may also result. 

48. Fulton, J. F. : Blast and Concussion in Present War, New England J. Med. 
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The fat droplets and fat emboli tend to disappear within three or 
four hours, which explains the failure to note them in tissues of animals 
killed and fixed after longer periods. 

As to the effect of the forces of blast on the body, in 1915 Sencert 
described the case of a man who was able to tell how, as he was going 
forward, a large caliber shell fell less than a meter in front of him and 
exploded. He fell back and lost consciousness, was picked up and, 
when after ten hours, he was brought to the ambulance, was found to 
have no wound other than small cutaneous wounds of the right arm 
and one of the fingers of the right hand and the right ear. He died 
during the night, and autopsy revealed, among other things, a large 
tear at the base of the middle lobe of the right lung and a pleural tear 
over the left lung, with herniation of a black lung. 

Numbers of men were picked up dead in the vicinity of an explosion 
without external injury. Isolated reports of the presence of injury to 
the lungs may be found. IMairet and Durante,'’’^ Rusca of Berne and 
Crile described such injuries in animals exposed experimentally to 
nearby explosions. It was not. however, until the present war that there 
was general recognition of the pi'evalence of injury to the lungs in 
association with blast. As pointed out by Fulton, Hooker’s experimental 
studie.';. ]xiblished in 1924 but arousing little comment, afford the 
most through experimental analysis as yet available. In his experiments, 
likewise, hemorrhagic lesions of the lung were described. The more 
recent experiments of Zuckerman graphically showed the vulnerability 
of the lungs to blast. .Mthough deaths from uncomplicated primary 
blast are rare in civilian areas, man}' well authenticated cases have been 
reported. What was a mystery from 1914 to 1918 has become a common- 
place. 

To introduce the subject of injuries to the nervous system, an early 
case of IMott’s may be cited. A soldier became rather neiwous at the 
Somme and later underwent intense bombardment for some four hours. 
Although he said he "could not stand it much longer,” he carried on for 
twelve hours more, when perhaps six shells went over. One of the shells 
burst about 10 feet (3 meters) away, just behind the dugout. The 
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first day of the bombardment he was tremulous and depressed, and 
later was coarsely tremulous in the limbs. On February 23, after the 
bombardment, he cried and was unable to walk or do any sort of work. 
He did not answer questions. The pupils were dilated. On the evening 
of February 23 he was admitted to the field hospital in acute mania, 
shouting “keep them back ; keep them back.” Thus far the description 
could in a general way fit hundreds of cases, but on the morning of 
February 24 he awakened apparently well and then suddenly died. 
With the exception of some small scratches on the anterior wall of the 
chest, there were no signs of external violence. Both lungs were edema- 
tous, and the lower lobe of the left lung showed considerable hemor- 
rhage. Hemorrhages were observed throughout the brain in the corpus 
callosum, the internal capsule, the pons and the bulb. In addition, 
generalized chromatolysis of nerve cells, comparable to that described by 
Crile in cases of exhausted and wounded soldiers, was observed. 

That injury to the central nervous s)'stcm can occur without the 
evidence of external wounds has been amply reflected by the literature 
of the fix-st World War. A few instances may be mentioned: cases of 
paraplegia, Heitz,**- Babinski,®" Roussy and Lhermitte,®® Ravaut,®® Fro- 
ment,"® Guillain and Barre and Hui'st ; cases of hemiplegia, Marie 
and Levy,®® Guillain,®'^ Harzbecker ®® and Souques, Megevand and 
Donnet ®® cases of hemorrhage in the cerebrum and medulla, Leriche,®" 
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and in the optic thalamus. Leri and Schafifer ; many cases of meningeal 
hemorrliage, Gihllain and Earre,'''’ Leriche and Sukhanoltp''^ and cases 
of disturbances of pupillar}- and sphincteric reflexes. 

What relation the existence of sucli lesions bears to concepts con- 
cerning the neuroses is a matter for conjecture. The important thing 
is that such lesions do occur. To how many have been overlooked I 
shall allude further on. A\’hat occurs in the outermost, yet noxious, 
zone of detonation? 

Until further research may be done and until careful examinations 
may be made on the held soon after the supposed injury, this question 
will remain unanswered. Jt is interesting to review the observations of 
AschatTenburg on 74 soldiers examined in Flanders. Of these, 67 
showed unmistakable signs of localized organic lesions of the central 
nervous .‘system, although not as a rule of serious nature. A second 
examination a week later showed that some, though not all, of the 
phenomena liad disappeared. The minor changes, such as increase of 
cerebrospinal fluid ])rcssure, increase of protein, xanthochromia and 
hemorrhage into the spinal fluid, so frequently reported when examina- 
tions were performed soon after injury, suggest that at times when no 
such changes were reported it was because they were not sought for. 

In some instances in which a soldier, having been exposed to the 
blast of a nearby exploding shell, died a short time later, histologic 
examination of the nervous system was made. Of cases in which the 
man survived but later may have died of some other cause, no reports 
have become available. 

In the first group, there have been reported congestion of the brain, 
minute, punctate hemorrhages on the surface of the brain, considerable 
ecchymosis on each side of the great sinuses, subpial hemorrhages, 
hemorrhages into the vascular sheaths in the corpus callosum, internal 
capsule, pons and bulb, and generalized chromatolysis of cells, including 
the vagoaccessory nuclei (Mott'-). In IMott’s cases, the changes were 
similar in many respects to those he had observed with carbon monoxide 
poisoning. Likewise, there have been reported extravasation of blood 

68. Leri, A., and Schiiffer, H. : Hcmatobulbie par commotion; sur\de, syndrome 
bulbaire complexe, Bull, et mem. Soc. med. d. hop. de Paris 40:845-848, 1916. 

69. Guillctin, G., and Barre, J. A.: Hemorragie meningee consecutive a une 
commotion par eclatement d’obus sans plaie exterieure. !Meningite a pneumo- 
coques mortelle secondaire, Bull, ct mem. Soc. med. d. hop. de Paris 41:898-900, 
1917. 

70. Sukhanoff, S. A. : Influence of Wind Contusion on the Central Nerv'ous 
System, Russk, vrach. 14:1010-1013, 1915. 

71. Aschaflenburg, cited by Mott."- 

72. Mott, F. W. : The Microscopic Examination of the Brains of Two ilen 
Dead of Commotio Cerebri (Shell Shock) Without Visible External Injurj', 

J. Roy. Army IM. Corps 29:662-678, 1917. 



440 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

into the substance of the lower surface of the orbital lobe, subdural 
hemorrhage, punctate hemorrhage of the brain (Chavigny localized 
meningeal hemorrhage (Rouss}^ and Boisseau),"^ softening of the anterior 
horn cells and the posterior columns of the spinal cord, ependymal 
gliosis and ischemic necrosis (Claude and Lhermitte In the second 
group, the lesser signs demonstrable during life, such as increase of 
cerebrospinal fluid pressure, bloody spinal fluid and increase of cells and 
protein in the fluid, have been mentioned. 

Of considerable importance in relation to the infrequency of signs 
of organic lesions in the central nervous system are the reports on the 
effect produced in animals subjected to experimental detonation of 
high explosives. In some of the earlier experiments, such as Crile’s,®® 
there was rupture of the minute blood capillaries in the ah^eoli of the 
lungs (and in 5 men as well), and in 1 a hemorrhage in the dura occur- 
red, but no gross hemorrhages were noted in the brain and spinal cord. 
Mairet and Durante ''■* reported minute scattered hemorrliages through- 
out the central nervous system, particularly about the spinal nerve roots. 

Rusca of Berne noted direct and contrecoup lesions in the brain, 
and Marinesco saw some hemorrhages in the nervous system ; Carver 
and Dinsley’s report was similar to that of Mairet and Durante.®® but 
Hooker was unable to discover any evidence of injury to tlie brain. In 
1 instance he noted a confluence of petechial hemorrhages in the dura. In 
Zuckerman’s material, studied by Greenfield and Clark which consisted 
of monkeys exposed to high pressure, 110 pounds (49.9 Kg.) per square 
inch, extradural hemorrhages were observed in the roots of the thoracic 
nerves. In 2 animals which died, hemorrhage occurred at the central 
ends of the posterior column and in the dorsal commissure. A greater 
number of animals had edema about the central canal. No changes 
were observed in the cortex, midbrain, pons or medulla. In rabbits 
the changes were more prominent. Rial hemorrhages occurred on the 
surface of the cortex, but not in either the gray or the white matter of 
the brain. 

In the case of the pheasant which had been exposed to blast, reported 
by Stewart, Russel and Cone,'' congested capillaries of the forebrain, 

73. Chavigny, D. ; Les explosions du champ de bataille; leur role et leur 
mecanisme pathogenes, Ann. d’hyg. 26:5-25, 1916. 

74. Roussy, G., and Boisseau, J., in discussion on Vincent, C. : Sur les acci- 
dents nerveux determines par la deflagration de fortes charges d’explosifs, Rev. 
neurol. 23:577-585, 1916. 

75. Claude, H., and Lhermitte, J. : Troubles medullaires dans les commotions 
directes mais a distance de la colonne vertebrale, Paris med. 23:11-14, 1917. 

76. Zuckerman, S. : Discussion on the Problem of Blast Injuries^ Proc. Roy. 
Soc. Med. 34:171-188, 1940-1941. 

77. Stewart, O. W. ; Russel, C. K., and Cone, W. V.: Injury to the Central 
Nervous System by Blast, Lancet 1:172-174, 1941. 
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associated with numerous iDetechial hemorrhages, most numerous in 
the hypothalamic area, were observed. It is seen that with some excep- 
tions no gross lesions were produced. 

Both Zuckerman and Hooker pointed out that symptoms referable 
to the nervous system may be pronounced and yet little recognizable 
histologic change be seen. One may allude here to the electromagnetic- 
shielding propert}’- of permalloy, which property is lost when the metal 
is struck by a blow, and yet no demonstrable change in structure is 
found. 

Extremes of opinion were expressed as to the relation of blast con- 
cussion and the neuroses. Rouss}’’ and Boisseau stated the belief that 
it is exceptional for explosions a long way off to produce organic lesions, 
and Guillain asserted that organic lesions following such explosions 
are frequent. The former stated that the nervous troubles which result 
should, in the majority of cases, be classified with the so-called hysterical 
disorders, an opinion concurred in by most British and American 
writers, and the latter, Guillain, asserted that “many patients are 
wrongl}' considered as pithiatic, hysterical, exaggerators or simulators.” 
Between these extremes is the opinion stated by Claude that whereas 
most of the patients observed in the Interior are psychoneurotic, it is 
possible that the functional disorders are kept up by slight structural 
and physiologic changes. 

I have seen numbers of men who, subjected to the blast of nearby 
exploding shells, had slight signs of organic disturbance. When shortly 
these manifestations disappeared, signs of a neurosis did not develop. 
j\Iany investigators have commented on this. Likewise, in many men 
who had been exposed to changes in pressure a neurosis did not develop 
later, and the order of the change in pressure seemed to have been the 
same as that for persons in whom a neurosis did develop. The symptoms 
of the latter developing neurosis, after the immediate signs of concussion 
had disappeared, perhaps in some instances while they still persisted, 
differed in no way from those of the neurosis which appeared when the 
circumstance of blast was absent or from some of the symptoms which 
occurred ■ behind the battle front. Nevertheless, the character of the 
changes produced by blast or their relation to an after-developing 
neurosis are not known.* 

To me, one of the remarkable observations is the fact that after 
exposure to the environmental changes originating in war, wherever 

78. Guillain, G., in discussion on Vincent, C.: Sur les accidents nerveux 
determines par la deflagration de fortes charges d’explosifs, Rev. neurol. 23:575- 
576, 1916. 

79. Claude, H., in discussion on Vincent, C. : Sur les accidents nerveux. 
determines par la deflagration de fortes charges d’explosifs, Rev. neurol. 23:587- 
590, 1916. 
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they occurred — Russia, Germany, France or far-flung countries — the 
manifestations of neurosis were strikingly the same ; confusion, obtusion, 
delirium, mutism, blindness, paralyses, contractures and analgesia. It 
appears that certain patterns of behavior are peculiar to certain species ; 
for example, the senseless wing beating of birds when captured, the 
immobility of fish when touched, the similar reaction of the opossum to 
fear and the behavior of rats to sound. Does it not seem that the relation 
of these patterns of behavior to external stimuli in man deserves 
energetic study ? 

n-IYSIOPATHIC DISTURBANCKS 

One of the most formidable changes in environment in war is the 
presence of solid objects moving in the ambient air at high velocit}'. 
Inadvertent collision with one of these ma.y result in death or wound. 
When the wound can be explained by the path taken by the missile no 
m3'’stery exists. But another group of disturbances was observed in the 
first World War and gave rise to the old controversy of psychic and 
somatic. 

Here, as expressed by Meige,*® one deals with a series of disturbances 
in which the main symptom is at one time a certain rigidity, at another 
time a paresis, and sometimes an association of rigidity and paresis 
which is neither true paralysis nor true contracture, but which results 
in almost complete immobilization. The circumstances under which 
these conditions made their appearance, the thermal, trophic and vascular 
sjnnptoms which accompanied them and the stubbornness with which 
they resisted all treatment led many investigators to place them in a 
category of their own. 

The condition of paralysis with contracture was designated variously 
as congealed hand, by Meige ; complete paralysis of the hand, by Pitres ; 
acromyotonia, by Sicard ; reflex paralysis, by Babinski and Froment,-'^ 
and paratonic paresis, by Marie and Foix.®^ Babinski and Froment 
gave a complete description of the condition and stressed the presence 
of pronounced vasomotor disturbances with segmentary distribution 
not corresponding to a definite neiA'^e area and predominantly involving 
the extremities, chiefly the upper. They noted the local h3^pothermia, 

80. Meige, H. ; Benisty, A. (Mme.), and Levy, G. : Impotence de tons les 
mouvements de la main et des doigts, avec integrite des reactions electriques 
(main figee). Rev. neurol. 22:1273-1276, 1915. 

81. Pitres, cited by Benisty, A. (Mme.) : Treatment and Repair of Nerve> 
Lesions, London, University of London Press, 1918, p. 131. 

82. Sicard, J. A.: L’alcoolisation Tronculaire an cours des acromyotonies 
rebelles du membre superieur, Paris med. 6:509-513, 1916. 

83. Marie, P., and Foix: Sur une forme speciale de “paresie paratonique des 
muscles moteurs de la main,” Bull, et mem. Soc. med. d. hop. de Paris 40:127- 
130, 1916, 



POLLOCK— ENVIRONMENTAL CHANGE 


443 


with a loss in temperature of from 4 to 5, and at times 8, degrees (C.) ; 
the smaller amplitude of the pulse on the affected side, which increased 
with the application of heat ; the atrophy of the tissues of the hand and 
lingers, with an increase in the size of the joints; the moisture and 
occasionally the maceration of the skin ; the decalcification of the skeleton 
of the affected part; the mechanical hyperexcitability of the muscles to 
faradic and galvanic stimuli, with premature fusion of contractions and 
rarely slight subexcitability, and at times. the similar hyperexcitability 
^•of the nerve trunks, all of which, likewise, became less on the application 
of heat. They called attention to the fact that the contractures disap- 
peared only with the deepest chloroform anesthesia and reappeared as 
anesthesia disappeared, when the tendon reflexes reappeared, and that 
when the reflexes on the unaffected side were still absent those on the 
affected side were exaggerated. 

That such disorders should be differentiated from the disturbances 
due to hysteria has been affirmed by many investigators and denied by 
some. Among those who expressed agreement may be mentioned 
Sicard and Guillain and Barre,®^ who first called attention to their 
possible organic nature; Meige, Benisty and Levy,®” who described the 
vasomotor and thermic disturbances, and Marie and Foix,®® who dis- 
cussed the hyperexcitability of the affected contractured muscles in 
cases of injury to nerves. Duvernay,®° Gougerot and Charpentier,®® 
Porot,®" Souques, Megevand and others,®® Mirallie ®® and Tinel placed 
these disorders in a separate category. Other authors expressed dis- 
agreement and concluded that the paralysis and contractures were 
functional and that the atrophy, circulatory disturbance, cyanosis, 
hypothermia and mechanical hyperexcitability of muscle and nerve, with 
slowness of muscular contraction and premature fusion of the faradic 
contractions, hypotonus and exaggeration of tendon reflexes, all were 

84. Guillain, G., and Barre, A.; Les contractures dans la pathologic nerveuse 
de guerre, Bull. mem. Soc. med. d. hop. de Paris 40:67-69, 1916. 

85. Duvernay, L. : Des contractures post-traumatiques en chirurgie de guerre, 
Paris med. 17:429-436, 1915. 

86. Gougerot, H., and Charpentier, A. : Paralysies reflexes et troubles tro- 
phiques reflexes consecutifs aux blessures des extremites, Ann. med. 3:269-297, 
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consecutives a des desarticulations de doigts, Presse med. 24:439-441, 1916. 
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merely disorders due to immobilization or inactivity. Among the latter 
authors may be mentioned Claude,®^ Camus,”- Thomas,”” Roussy and 
Lhermitte and Hurst.^ 

Some of the difference of opinion arose out of the observation by 
certain investigators tliat the paralysis and contractures were successfully 
treated by psychotherapy (Rouss}^ Boisseau and d’Oelsnitz,”” Roussy 
and Lhermitte and Hurst '*) . All the authors, however, recognized 
the resistance to psychotherapy and other types of treatment as com- 
pared with the responses of other Itysterical conditions, and Roussy and 
Lhermitte stated that the thermal and vasomotor disturbances persist 
long after motor recover}'. Vincent was convinced at first that the 
so-called reflex disorders would not resist the treatment so successfully 
used by him at Tours in cases of hysteria, but he was forced to conclude 
that, unlike pithiatic phenomena, such disturbances were obstinate. 

Theories concerning the pathogenesis of these disorders vary, but 
many authors have subscribed to the concept of Babinski that it was of 
the nature of the changes first reported by John Hunter ”® in relation to 
weakness and atroph}' resulting from lesions of joints. These early 
obsen'ations were confirmed by a number of studies : those of Gosselin,®” 
LeFort,^”” Valtat^”^ and, lastly, Charcot^”” and Vulpian,^”” who empha- 
sized the trophic disturbances of the skin, hair and nails, the secretory 
disorders and coldness of the limb and the cyanosis or dull pink color 
of the skin and pointed out that, in addition to disease of the joints, all 
peripheral lesions, including frost bite, burns and more or less deep 
wounds of the limbs, may become the starting point of such phenomena. 

91. Claude, H., in discussion, Rev. neurol. 23:532-536, 1916. 
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I recall in recent years the report of Adson and Rowntree on the 
successful treatment by sympathectomy of the pain, atrophy and vaso- 
motor and thermal disturbances associated with certain types of arthritis. 

In attributing these changes to a reflex disturbance, Vulpian excluded 
the cases of sympathetic paralysis and described a heterogeneous group 
of cases of a condition which Graves and Brown-Sequard afterward 
called reflex paralysis and Weir Mitchell proposed to call paralysis 
of peripheral origin, or paralysis resulting from peripheral irritation. In 
this group were included instances of such conditions as hemiplegia and 
pneumonia and paralysis of an arm after gunshot injury to a thigh. 
Nevertheless, Weir Mitchell, Morehouse and Keen included some 
cases which may be compared to those under discussion, such as that 
of a man bruised in the arm by a shell fragment in whom there later 
developed tonic spasm of the palmaris longus, brachialis anticus and 
flexor carpi ulnaris muscles. 

Babinski and Froment, although inclining to Charcot’s hypothesis 
of reflex origin, stressed the importance of the sympathetic nervous 
system in the genesis of these conditions and of the interesting accom- 
paniment of the patient’s state of mind. In fact, the mental condition 
is reminiscent of that of a soldier suffering from causalgia. Meige 
said of it: 

A peculiar state of mind consisting of torpor and inertia, combined with the 
constant obsession of their infirmity; they keep their eyes on it, and protect it 
with their other hand, but yet they are in no pain. Solitary, anxious and care- 
worn, making no unnecessary gesture and perpetually on the lookout, they show a 
perfect motor negativism for the affected limb. 

It is fruitless to review the various reasons expressed by authors 
for the pathogenesis of these disorders, since for the most part they 
are speculative. It remains, however, for others to study the disturbance 
from as many approaches as possible. It is of interest to note the 
report of a number of cases in which particles of metal dust were shown 
in the muscles by roentgenography; to the presence of these particles 
Leri and-Roger attributed an irritation responsible for the condition 
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in some cases. Other foreign bodies might, likewise, be present and 
not demonstrable. In this connection, the recent experiments of Black, 
Burns and Zuckerman on the wounding mechanism of missiles of 
high velocity are of great importance. The results suggest that a dis- 
proportionate degree of destruction of tissue is caused by bomb splinters 
of high velocity, owing to the fact that particles lying in their path are 
thrown radially with sufficient violence to leave a central cavity around 
which tissues at some distance from the track are momentarily stretched. 
The same mechanism would hold for other missiles of high velocity. 

Among the interesting fields for speculation is the behavior of the 
muscle, in which connection Babinski and Froment’’® theorized that 
the accumulation of physiologic poisons produced a condition whereb}^ 
the muscle acted as if it wej-e in the first stages of veratrine poisoning. 

With the accession of knowledge concerning the chemical factors 
involved in muscle contraction, the production of cholinergic substances 
and the role of esterase, much may be expected from future studies. 
One field for investigation may be found in the possible sensitization 
of muscles ordinarily observed after denervation. All will recall how, 
after removal of the superior cer\’-ical sympathetic ganglion, pain and 
other stimuli giving rise to emotions produce paradoxic dilatation of 
the pupil. This, as observ^ed in recent unpublished experiments by 
Davis, Martin and me, ma)" occur as the result of hormonal or chemical 
stimulation of the ciliary muscles. Leri and Roger shoAved that when 
an Esmarch rubber band is applied to the root of the limb, as far as 
possible awa}'^ fi'om the group of muscles Avhich has undergone con- 
tracture, circulation in the limb is thus suppressed and after several 
minutes the conti-acture disappears. As soon as the elastic band is 
released, contracture of the parts reappears. 

As an illustration of how the cause of a condition may easily be over- 
looked and lead to speculation, one may cite cases reported under the 
general heading of paralyses at a distance. Such were most of the 
cases reported by Weir Mitchell, Morehouse and Keen, which included 
instances of a wound of the right side of the neck followed b}”- paratysis 
of the left arm, flesh wounds of the right thigh and complete paralysis 
of all extremities, wounds of the right thigh and paralysis of the right 
arm, wounds of the left thigh and analgesia of the right thigh, wounds 
of the right thigh and paralysis of the right arm and Avounds-'of the 
right thigh and weakness and analgesia of the right hand. 

109. Black, A. N. ; Burns, B. D., and Zuckerman, S. : Experimental Study of 
Wounding Mechanism of High-Velocity Missiles, Brit. M. J. 2:872-874, 1941. 
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The cases which I am about to describe were reported by Claude, 
Vigouroux and Lhermitte in October 1915 under the name of 
muscular dystrophy of the myopathic type, a form of paralysis with 
muscular amyotrophy limited to the trapezius and serratus magnus 
muscles, sometimes on one side of the body and sometimes symmetric, 
involving both shoulders. 

The remarkable feature in the 4 cases, according to Benist}^^^- was 
the occurrence of paralyses at a great distance from the wound. The 
affected muscles were those of the shoulder girdle and the trapezius and 
serratus magnus muscles. Subsequently, the authors reported another 
case of paralysis of the trapezius and serratus magnus muscles following 
a rather superficial wound of the deltoid. Benisty^’" described a case 
of injury in the scapular region followed by paralysis of the serratus 
magnus and trapezius muscles. A number of other cases of paralysis 
of other peripheral nerves such as the sciatic, musculospiral and ulnar, 
were recorded. The paralyses in these cases were attributed to impair- 
ment of nutrition of certain muscles under the influence of traumatism, 
which gave rise to atrophy and secondarily to paresis. 

Every one, remembering the uniform administration of antitetanus 
serum, has already made the diagnosis, especially in the cases of paralysis 
of the trapezius and serratus muscles. 

In fact, later Lhermitte reported on the effect of antitetanus serum 
therapy and cited 3 additional cases. He saw some differences between 
these cases and the cases reported by Claude, Vigouroux and Lhermitte, 
which, I think, are explained by the fact that in 3 of the latter the 
bullet wound was in the parotid triangle and the paralysis of the 
trapezius muscle may well have resulted from this. Kraus and 
Chaney expressed the opinion that the cases were similar and that 
the significance of injection of antitetanus serum in relation to sub- 
sequent paralysis had not been recognized at that time. 

I have alluded to some of the known bodily effects of prolonged 
muscular activity, prolonged loss of sleep and exhaustion, associated 
with starvation and thirst, noise, fear and other emotions, blast and 
wounds. The effects of exhaustion, starvation, thirst, noise and loss of 
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sleep have all been found in themselves, and while their resulting bodily 
responses are, in effeet, not to be associated with evidence of psycho- 
neurosis, particularly hysteria, fear and similar emotions militate against, 
rather than encourage, the development of hysteria while the conditions 
evoking these emotions persist. 

Although there is considerable evidence of the physical disturbance 
resulting from blast, varying from disintegration to the minor, at times 
even unrecognizable, sequelae, neuroses do not develop in all men 
subjected to blast. Except for the immediate psychic symptoms fol- 
lowing blast, the symptoms of the neuroses subsequently developing are, 
for the most part, indistinguishable from those originating from circum- 
stances outside a battlefield. The neuroses developing after blast are 
as readily treated with success as those originating behind the lines. 

Large numbers of men who sustained trivial wounds to their 
extremities did not show any so-called physiopathic refle.x nervous dis- 
turbances. In fact, I saw only a few cases, and from the absence of 
reports in the literature of the United States, apparentl}'^ other observers 
likewise observed no great numbers. In some of the reported cases, 
psychotherapy was effective in the treatment of contracture and 
paralysis, if not of the vasomotor and thermal disturbances. 

Nevertheless, I do not know the effect of all these environmental 
changes, either alone or in combination, on the body of man. I do not 
know whether such effects, some evanescent, some more permanent, 
influence the subsequent responses of men — perhaps only some men are 
affected, certain men in one manner and others in another — and if 
they do I do not know how. I do not know of any one who does. 

I hope, and have reason to expect, that those who will have the 
opportunity of studying these environmental changes, some of which 
are peculiar to war, will be able, with the assistance of new methods of 
investigation and the advance of science generally, to make discoveries 
that will aid in explaining their effects, in addition to only naming them. 

Northwestern University Medical School. 



EFFECT OF AUTONOMIC DRUGS ON CEREBRO- 
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I, EFFECT OF HISTAMINE 
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In an attempt to relate the biologic structure of schizophrenic 
psychoses to sluggishness or limited reactivity of the cereliral vasomotor 
system, it was believed quite possible to utilize routine lumbar punctures 
to study the comparative effect of autonomic drugs on the cerebrospinal 
fluid pressure. Histamine was the first autonomic drug thus employed 
because of its well known vasodilator action in human and in animal 
subjects. 

PROCEDURE 

Studies of the .spinal fluid pressure were made on 63 patients with schizophrenia 
and 68 patients with other types of psychoses. The groups were comparable as 
to age and duration of hospitalization. Lumbar pressures were measured before 
and after withdrawal of 10 cc. of spinal fluid with the patient in the lateral recum- 
bent position. Pressures were then recorded ten minutes after subcutaneous 
injection of 1 ampule of histamine phosphate (1 mg. per cubic centimeter). A 
third series of recordings was made after another withdrawal of 10 cc. of fluid. 
Levels of pressure were read in all cases to the nearest 10 mm. mark. 

As positive pressure controls, a mixed group of 20 patients was studied as 
already described except that injection of histamine was omitted. The lack of 
pressure change in ten minutes in this group indicated that the responses in the 
131 cases in the first group were due to histamine rather than to compensatory 
phenomena. 

RESULTS 

The table presents the statistical summary of the changes of cerebro- 
spinal fluid pressure in response to histamine in schizophrenic patients 
as compared with the observations on nonschizophrenic patients. 

From the Norwich State Hospital. 

The cases making up this study were from both the Norwich State Hospital 
and the Metropolitan State Hospital, Waltham, Mass. 

This paper was read in part at a meeting of the Boston Society of Psychiatry 
and Neurology, May 16, 1940. An abstract, with discussion, appeared in the 
November 1940 issue of the Archives, page 1148. 
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1 . The critical ratios of the changes in pressure following withdrawal 
of fluid were very high, which shows that the fall in pressure was 
related to the withdrawal of fluid — a fact clinically accepted. It is noted 
that withdrawal of 10 cc. of spinal fluid caused the pressure to fall more 
in the nonschizophrenic group. The difference between the groups was 
12.7 mm., with a critical ratio of 2.8, which is suggestively significant. 

2. Critical ratios of rises in cerebrospinal fluid pressure following 
injection of histamine were over 3 for both the schizophrenic and the 


Responses of Cerebrospinal Fluid Pressure in Schiaophrenic and in Nonscliiso- 
phrcnic Patients to IVitJidrazaal of Fluid and Subcutaneous 
Injection of Histamine Phosphate 


Groups of Patients 

, * . 

Xonsclilzoplirenlc Schizophrenic 


Xiiinber of patients CS C3 

Mean initial pressure, nun H2.8 149.7 

Standard deviation of nioan, inm ±.l.2S ±5.5 

Difleronco between groups, inm 0.9 

Critical ratio of difference * 0.90 

Mean pressure after withdrawal of 10 ce. of fluid, nun 102.7 122.3 

Standard deviation of moan, inra ±5.2S ±7.4 

Mean change (fall) after withdrawal of 10 cc. of fluid, nun. 40.1 27.4 

Standard deviation of mean change, mm ±3.27 ±3.44 

Critical ratio of change 12.3 7.9 

Difference between change in groups, mm 12.7 

Critical ratio of difference 2.8 

Mean pressure after Iiistaminc, mm 143.4 140.9 

Standard deviation of mean, mm ±0.C ±7.0 

Mean change (rise) produced by histamine, mm 40.7 18.C 

Standard deviation of moan change, mm ±.3.2r ±5.02 

Critical ratio of change 12.3 3.7 


Difference between change in groups, mm 
Critical ratio of difference 


Critical ratio; 


Change 

Standard deviation of change 


nonschizophrenic group, which shows that such rises could not be 
ascribed to random variations in pressure. The rise in pressure 
following injection of histamine was 22.1 mm. higher in the nonschizo- 
phrenic than in the schizophrenic group. This difference had a critical 
ratio of 3.7, which indicates the reliability of this difference. 

3. The figure shows the distribution of pressure changes following 
histamine. The tendency toward greater reactivity of the non- 
schizophrenic patients is quite apparent. 

The dispersions (standard deviations) for the schizophrenic group 
are somewhat greater than those for the nonschizophrenic group for all 
readings. This may be an indication of the lack of homogeneity of the 
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schizophrenic group, even when compared with a mixed group of 
patients with a number of other ps)'’choses. 

One is struck by the relative nonreactivity of the cerebrospinal fluid 
pressure to histamine in the schizophrenic group. After withdrawal of 
the first 10 cc. of fluid the schizophrenic group had less fall in pressure 
— or had a more efficient adjustment of the cerebrospinal fluid 
dynamics. In other words, the schizophrenic patients responded with 
less of a fall in pressure to withdrawal of fluid and. on the other hand, 
with less of a rise in pressure to histamine. 


) 10 . 

cases 



Distribution curves showing changes in cerebrospinal fluid pressure in 63 
schizophrenic patients and in 68 patients with psychoses other than schizophrenia 
following subcutaneous injection of histamine phosphate. The horizontal line 
expresses in millimeters of cerebrospinal fluid, changes in cerebrospinal fluid pres- 
sure; the vertical line indicates the number of cases. The continuous line repre- 
sents nonschizophrenic and the broken line schizophrenic patients. 

The latter response could be expressed in a different manner. It 
was found that almost 75 per cent of the nonschizophrenic patients 
responded to histamine with rises of 30 mm. or more, while onty a little 
over 40 per cent of the schizophrenic patients reacted to this extent. 
Furthermore, while, practically, 20 per cent of the schizophrenic patients 
displayed a fall in pressure after injection of histamine, onty 7 per cent 
of the nonschizophrenic patients showed such a fall. 
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COMMENT 

The explanation for the relativel}'^ lesser response in cerebrospinal 
fluid pressure of the schizophrenic patients to histamine is possible only 
on a theoretic basis. 

Forbes and associates,’^ Loman and Myerson - and Weiss and asso- 
ciates,® after investigation of the cerebrovascular action of histamine in 
human subjects and in animals, concluded that histamine brings about 
direct vasodilatation of the cerebral and pial vessels. The fact that 
histanjine acts on the peripheral vascular branches regardless of their 
nerve supply and that various autonomic organs differ in their responses 
to histamine, according to Sollniann,'* makes this type of study fruitful 
in an attempt to relate the psychosomatic pattern of schizophrenia to 
autonomic rigidity or limited reactivity. 

In our cases, the general factors of prolonged hypokinesis and 
habituation to a sedentary existence did not seem to play an important 
role. Practically all of the patients included in this study were of the 
chronic institutionalized t)'pe, regardless of their diagnoses. All of the 
patients included in this series were cooperative in the tests — data on 
combative, overtalkative and restless patients were excluded. 

The relatively diminished response of the cerebrovascular mechanism 
to histamine in schizophrenic patients ma}^ be related to similar obser- 
vations on the autonomic nervous system reported by other workers 
(bibliography collected by Lewis ®). The schizophrenic patients in this 
study who did display a significant response to histamine seemed on 
gross observation to be of the paranoid type and, furthermore, to “show 
no signs of deterioration.” Statistically, however, the number of patients 
studied is as yet insufficient to constitute a valid test of this opinion. 

SUMMARY 

A method of studying the reactivity of the cerebrospinal fluid 
pressure to autonomic drugs is described. This method was employed 
in comparing the cerebrovascular responses of 63 schizophrenic patients 

1. Forbes, H. S. ,* Wolff, H. G., and Cobb, S. : The Cerebral Circulation: 
The Action of Histamine, Am. J. Physiol. 89:266-272, 1929. 

2. Loman, J., and Myerson, A. : The Action of Certain Drugs on the Cerebro- 
spinal Fluid and on the Internal Jugular Venous and Systemic Arterial Pressures 
of Man, Arch. Neurol. & Psychiat. 27:1226-1244 (May) 1932. 

3. Weiss, S. ; Lennox, W. G., and Robb, G. P. : The Dilator Effect of Hist- 
amine on the Cerebral Vessels in Man, Proc. Soc. Exper. Biol. & Med. 26:706-707, 
1929. 

4. Sollmann, T.: A Manual of Pharmacology, ed. 5, Philadelphia, W. B. 
Saunders Company, 1936, pp. 440-444. 

5. Lewis, N. D. C. : Research in Dementia Praecox, New York, National 
Committee for Mental Hygiene, 1936, pp. 131-210. 
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and those of 68 patients with nonschizophrenic psychoses. Histamine 
was used in this first study because of its well known somatic action. 

Significantly smaller response of the cerebrospinal fluid pressure 
to subcutaneous injections of histamine was noted in the schizophrenic 
patients. This was associated with another observation, namely, that 
the schizophrenic patients tended to show less decrease of cerebrospinal 
fluid pressure after withdrawal of 10 cc. of fluid. 

This study indicated that schizophrenia may be characterized by a 
relatively limited cerebrovascular reactivity to administration of 
histamine. 


Norwich State Hospital. 



Clinical, Technical and Occasional Notes 


ELECTRICAL SKIN RESISTANCE TECHNIC USED TO MAP 
AREAS OF SKIN AFFECTED BY SYMPATHECTOMY AND 

BY OTHER SURGICAL OR FUNCTIONAL FACTORS 

Fred G. Wiielax, B.E., and Curt P. Richter, Ph.D., Baltimore 

During the past two years we have shown by means of the elec- 
trical skin resistance method, or measurement of the resistance offered 
to passage of minute direct current through the skin, (1) that areas of 
skin affected by upper thoracic or lumbar sympathectomy can be sharply 
defined on any part of the body, such areas having an abnormally high 
resistance; (2) that the patterns of these areas closely correspond to 
the sensoiy dermatomes and to areas which do not sweat, as was 
demonstrated by the Minor starch-iodine-sweating test (Richter and 
Woodruff ; (3) that areas affected by injection of procaine or alcohol 
into the sympathetic chain can be quickly and sharply defined, often 
within a few minutes after injection (Shumacker "), and (4) that the 
skill of normal persons manifests rather constant and hitherto entirel)' 
unsuspected areas of low electrical skin resistance on the face, hands, 
feet, axillas and antecubital fossae. The size and shape of these areas 
vary with sleep, external temperature, hair distribution and metabolic 
activity (Richter and Woodruff^). For example, the facial pattern 
which under ordinary conditions includes the eyes, nose and mouth 
becomes constricted to include only the mouth under conditions of cold 
and during sleep. 

A simplification of the nonpolarizable electrodes ordinarily used for 
studies of skin resistance has made it possible to map these areas of 
high and low resistance on the skin. Along with other workers, we 
had long believed that a paste or some other substance was necessary 
to make contact between the metal of the electrodes and the skin and 

This work was carried on under a grant from the John and Mary R. Markle 
Foundation. 

From the Departments of Electrical Engineering and Psychiatry, Johns Hop- 
kins University. 

1. Richter, C. P., and Woodruff, B. G. : Changes Produced by Sympa- 
thectomy in the Electrical Resistance of the Skin, Surgery 10:957-970, 1941. 

2. Shumacker, H. B., Jr.: The Value of Skin Resistance Studies in Deter- 
mining the Accuracy of Procaine Injections of the Sympathetic Nerves, Surgery 
11:949 (June) 1942. 

3. Richter, C. P., and Woodruff, B. G. : Facial Patterns of Electrical Skin 

Resistance Their Relation to Sleep, External Temperature, Hair Distribution, 

Sensory Dermatomes and Skin Disease, Bull. Johns Hopkins Hosp. 70:442-459 
(May) 1942. 
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that without such a substance the electrode would become polarized 
and thus invalidate the results. The substance which we had used for 
many years was a paste made of kaolin and saturated solution of zinc 
sulfate (Richter ‘S). When the zinc electrode, covered with the kaolin 
paste, was moved fronr place to place on the skin, the entire body quickly 
became covered with paste. Repeated readings over the same area gave 
ever lower readings on account of the stimulating effect of the paste 
itself. Contrary to the current belief, we found that a zinc disk without 
any paste at all gave excellent results. Such an electrode could be 
moved freely over the skin of the bod3% readings could be made 
indefinitely without changing the level’ of the skin resistance. 

A brief description of the technic will suffice for present purposes. The 
figure shows dennometer and the electrodes constructed for this work. One 
electrode (A), a J /2 inch (1.3 cm.) disk attached to a clip, is fastened over 
an ear lobe. It consists of a 54 inch zinc disk soldered to the inner surface of 
one of the two flat arms of a specially built pinch clip about 3 inches (7.5 cm.) 
long. The arm which carries the disk ends in a small hook bent in toward the 



Dermometer and electrodes used to measure skin resistance. 


other arm. The hook placed over the antitragus prevents dislodgement of the 
clip when the subject moves about. The other electrode (B) consists of a 54 
inch (0.6 cm.) zinc disk soldered at right angles to the end of an insulated 54 
inch (0.3 cm.) zinc rod 3 inches (7.5 cm.) long. With this rod as a handle the 
flat surface of the zinc disk can be applied to the skin on any part of the body. 
The electrodes are connected to a box which contains an ammeter, two rheostats, 
a switch and three 4)4 volt, dry cell radio batteries. The portable box and all 
of the equipment can be used at the beside, in the operating room and in the 
laboratory. The figure also shows the wiring plan. 

In examination of a sympathectomized patient the movable electrode is placed 
over the affected area, which always has an abnormally high resistance. The 
rheostats are then set so that only a very small current flows through the body 
between the electrodes, indicated by a small deflection of the ammeter pointer. 
The electrode is then moved in small steps toward the normal areas of the skin. 
A sudden full deflection of the pointer entirelj’^ across the dial of the ammeter 
indicates the arrival over a normal area. If the electrode is moved back and 


4. Richter, C. P. : The Sweat Glands Studied hy the Electrical Resistance 
Method, Am. J. Physiol. 68:147, 1924. 
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forth in progressively smaller steps between the affected and the normal area, 
a point of demarcation can be determined. If successive points of demarcation 
arc linked together, a line is obtained the ends of which ultimately join to form 
a boundary of the patterns of low and high skin resistance. The line of demarca- 
tion is usually sharp, rarely being more than inch (0.3 cm.) wide. The areas 
for the face and those for the hands are determined by essentially the same 
method. 

This technic is now being used to map areas affected by injuries of 
peripheral nerves and to follow the process of regeneration of the sutured 
nerves, as well as to map areas of referred pain and areas affected by 
tumors of the spinal cord or other destructive processes. 

Johns Hopkins University. 



Obituaries 


STEPHEN WALTER RANSON, M.D. 

1880-1942 

Stephen Walter Ranson, professor of neurology and director of the 
Neurological Institute at the Northwestern University Medical School, 
died of coronary thrombosis at Chicago on' Aug. 30, 1942, two days 
after he had reached his sixty-second birthday. He is survived by his 
wife, Tessie, and by 3 children, Capt. Stephen W. Ranson, Mrs. 
Margaret Jane Lacy and Miss Mary Elizabeth Ranson. 

Dr. Ranson was born at Dodge Center, Minn., on Aug. 28, 1880 
and was the son of Dr. Stephen William and Mary Elizabeth Foster 
Ranson, who were of English and Welsh extraction. Dodge Center 
was his home until he entered the University of Minnesota, in 1898. 
The son of a physician, he grew up in a family of 6 children, 3 daughters 
and 3 sons, of which he was the youngest. It is interesting to note 
that of this family, 3 became physicians and 1 received the degree of 
Doctor of Philosophy in psycholog}\ From early childhood Dr. Ranson 
exhibited a strong sense of responsibility and initiative in doing important 
things without direction. He finished high school in three years. After 
his entrance into the University of Minnesota, he came under the influ- 
ence of Prof. J. B. Johnston, who developed in him an intense interest 
in the nervous system. During the summer following his first year, 
when he was just 19 years old, he set up a laboratory in the barn on 
the family property in Dodge Center and started experiments on cats, 
his favorites for experiments throughout his life. He did the same 
thing the following summer and then, subsequent to the end of his 
third year, he transferred to the University of Chicago. In 1902, he 
received the degree of Bachelor of Arts from the University of IMinne- 
sota and entered graduate work at the University of Chicago. Here 
he worked under the direction of the late Prof. H. H. Donaldson. He 
received the degree of Master of Science in 1903 and that of Doctor 
of Philosophy in 1905. His dissertation was entitled “Retrograde 
Degeneration in the Spinal Nerves.” In 1904, while still a graduate 
student, he went with the late Prof. A. C. Eycleshymer to the St. Louis 
University School of Medicine and helped with the work in the depart- 
ment of anatomy there for part of the year. He served as a fellow 
in neurology at the University of Chicago in 1904-1906, and in 1907 
he was awarded the degree of Doctor of Medicine from Rush 
Medical College. After a year’s internship at the Cook County Hos- 
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pital, he liad planned to establish a practice in Chicago. However, 
Prof. Arthur W. I\'Ieyer, who Avas professor of anatomy at North- 
western University Medical School during the year 1908-1909, induced 
Dr. Ranson to take an appointment as associate in anatomy. When Dr. 



STEPHEN WALTER RANSON, M.D. 
1880-1942 


Meyer left for Stanford University the following year, Ranson took 
two important steps. He decided to carve out his career in anatomy 
and accepted an appointment as assistant piofessor and acting head of 
the department. On Aug. 18, 1909 he married Miss Tessie Grier 
Rowland, of Oak Park, III, who entered into the spirit of his career 
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and made his life with his family a most pleasant one, in a home that 
radiated hospitality. In 1910, he became associate professor and then, 
in 1912, professor and head of the department of anatomy at North- 
western University, where he served for the subsequent twelve years. 
He spent the year 1910-1911 at Freiburg, Germany, in Professor 
Wiedersheim’s laboratory. During these years, he accomplished much 
in the face of obstacles. The medical school was then located on the 
south side of Chicago, and the quarters for the department were inade- 
quate, as was the budget. In addition to carrying a heavy teaching 
load in a most conscientious fashion and to conducting many important 
researches, he was a leader in the advancement of scientific medicine 
in his institution. 

In 1924, he went to the Washington University School of Medicine, 
in St. Louis, to become professor of neuroanatomy and head of the 
department of neuroanatomy and histology. He was extremely happy 
with his opportunity there, which offered him a reduced teaching load 
and excellent facilities for research. However, Northwestern University 
had never become reconciled to his leaving and induced him to return 
to the Northwestern University Medical School on Feb. 1, 1928, to 
become professor of neurology and director of the newly formed 
Neurological Institute there. He had envisioned such a development 
in neurology and had spent the summer of 1926 at Queen’s Square 
Hospital, in London, with Gordon Holmes and Kinnier Wilson in 
following the clinical material there and the methods of treatment. He 
remained at Northwestern University the rest of his life, where his 
influence was felt throughout the institution, but he devoted himself 
mainly to building, developing and maintaining one of the most pro- 
ductive schools of neurology that has ever existed. The first annual 
volume appeared in 1929, and each year since the work of the Institute 
has been presented and collected in such a volume. The total is a most 
formidable array of important contributions. His task was not an easy 
one, but in his quiet manner he met the problems as they arose. He 
felt keenly his responsibility to make this institute a successful venture, 
and he bent his complete energy to attaining this end. 

His own research is recorded in a bibliography of 205 titles ^ and 
gives expression to his interest in the nervous system from a morphologic 
and a functional standpoint. Demonstration of the structure of a part 
of the nervous system was a challenge to him to learn its functional 
significance. He was the leader of an important school of mammalian 
neuroanatomy and neurophysiology. He was interested throughout his 
life in anatomic makeup of the peripheral, cerebrospinal and visceral 
nervous systems, including degeneration, regeneration and distributions 

1. This bibliography has been published by H. W. Magoun (Quart. Bull., 
Northwestern Univ. M. School 16:304-310, 1942). 
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of the various types of nerve fibers. His demonstration of unmyelinated 
nerve fibers, as early as 1909, was made more evident with the intro- 
duction of his pyridine-silver technic in 1914, an important modification 
of one of Cajal’s. He observed unmyelinated fibers in large numbers 
in sensory nerves and devised experiments to show that they mediate 
pain sensation. Owing to opposition here and in England, Ranson 
experienced a long, up-hill struggle in securing recognition for this 
point of view, but later experiments of his own and the cathode ray 
oscillograph analyses, such as were made by Erlanger, Gasser, Bishop 
and others, have more than vindicated his earlier work. His recog- 
nition of unmyelinated libers made his histologic analyses of the periph- 
eral visceral nervous system much more complete than previous ones. 
He aiialyzed peripheral and central visceral afferent pathways and 
vasomotor centers in the medulla oblongata and did a review on “Afferent 
Paths for Visceral Reflexes” in the first volume of Physiological 
Reviezos. 

For a period of years he worked on the mechanisms involved in 
postural contractions, or what was then called muscle tonus. He finally 
convinced himself that there was no postural influence exerted by efferent 
impulses over dorsal root libers. This turned his attention to reflex 
physiology, with a study of spinal reflexes and the regulation of limb 
reflexes by various levels of integration in the central nervous system. 
Ranson and his colleagues first became interested in the hypothalamic 
region through a chance observation that “hypothalamic” animals could 
walk. The initial interest in this region was for its significance in 
somatic motor integrations, and it was for their study that Ranson intro- 
duced the Horsley-Clarke stereotoxic apparatus into his laboratory in 
1930. He had seen this apparatus used in work on the cerebellum 
in progress under the direction of Dr. Ernest Sachs at Washington 
University. 

After early experiments in refining the technic, establishing anatomic 
controls and stud 3 dng somatic motor integration in the midbrain, sub- 
thalamus and hypothalamus, he directed the attention of his laboratory 
toward the analysis of visceral responses elicited by stimulations in this 
region and of symptoms arising from lesions accurately placed by 
electrolvsis. The precision of observation and anatomic controls extended 
and greatly amplified the earlier work, such as that of Karpins and 
Kreidl and of Isenschmid and Krehl, done some twenty years previously. 
Paper after paper appeared elucidating such problems as the significance 
of the hypothalamus and the hypophysis in water exchange and the 
syndrome of diabetes insipidus, and of the hypothalamus in temperature 
regulation, obesity, sexual function, emotional expression, catalepsy 
and other abnormal conditions. A review of this work leads to the 
conclusion that the hypothalamus serves as a level of visceral integia- 
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tion from which impulses are directed, on the one hand, to the hypophysis, 
and, on the other, down the brain stem and the spinal cord to activate 
visceral motor neurons at these different levels. During this time, there 
were other experiments, such as those on the pathways for pupillary 
light reflexes and the function of the cerebellum and anatomic and 
physiologic studies on the corpus striatum. The corpus striatum occu- 
pied much of his attention at the last, and this work was particularly 
enjoyable because his son, Stephen, and his daughter Mary cooperated 
in it and because it was possible to clarify a number of anatomic 
ambiguities in this region. A short time before his death, he again 
turned his attention to problems of nerve regeneration, and he was out- 
lining a new experimental approach to this problem. 

That his work was widely recognized is indicated by the lectures 
he was requested to give: the Weir Mitchell Oration (1934), the 
Harvey Lecture (1936), the Dunham Lectures (1940) and the Hugh- 
liiigs Jackson Lecture (1941). Volume XX (1940) of the Association 
fo7' Research in Nervous and Mental Disease, Proceedings, entitled 
“The Hypothalamus and Central Levels of Autonomic Function,” con- 
tains the following dedication: “In recognition of the distinguished 
contributions to knowledge of hypothalamic functions made by himself 
and by the students he has inspired, this meeting of the association is 
dedicated by the trustees to Stephen Walter Ranson.” 

In addition to these contributions in the experimental field, Ranson 
was the author of the textbook, “The Anatomy of the Nervous System,” 
the first edition of which appeared in 1920, and just before his death 
he had completed the seventh edition. The appearance of this textbook 
brought the teaching of neuroanatomy to a much higher plane and has 
been a most important factor in the development of this branch of 
anatomy in a superior fashion in the United States. It is an expression 
of his systematic, orderly and thorough approach, and generations of 
medical students have profited from its use. In the earlier years of his 
teaching, he taught gross anatomy, as well as neuroanatomy. At 
Washington University he taught histology and neuroanatomy. He 
was extremely conscientious as a teacher, and his kindly and sympathetic 
manner will be remembered by many a student. When he returned to 
Northwestern University, in 1928, he gave up undergraduate teaching. 
When one of his associates expressed regret over this, his reply was, 
“When you have taught as long and as much as I have, you will wel- 
come an opportunity to give it up.” He welcomed it, not because of 
a fundamental dislike for teaching, but because it would give him greater 
opportunity for his experimental work. 

. Into the work of his laboratory he attracted man)’’ students, both 
from this country and from abroad, who worked under his direction. 
He had the happy faculty of stimulating teamwork, an intense interest 
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ill experimental work and the utmost loyalty. He trained many men 
who now have teaching posts in anatomy and pliysiology in various 
institutions. In addition are the men in clinical medicine, not only in 
neurology and in psychiatry but in pediatrics, surgery, medicine and 
other specialties, who spent time under his tutelage. His enthusiasm 
was infectious and his training rigid and demanding, and he has made 
better physicians of those who were with him. He spent endless time 
in looking over and sizing up candidates who desired places in his 
laboratory, because he wanted the best material he could find and because 
he realized the importance of teamwork and cordial relations on the part 
of his staff. He used similar discrimination in the choice of his tech- 
nicians and laboratory attendants. He kept his hand in the experiments, 
carried his share of the load and gave great attention to the designing 
of his experimental attack. He was extremely critical and difficult to 
convince. His publications demonstrate his extreme care for complete- 
ness, minutiae and controls. He was a trained morphologist with such 
strong interests in physiologic significance that lie instinctivel)’’ turned 
to and developed methods for the study of neurophysiology that have 
withstood critical appraisal. He had a keen appreciation for the prob- 
lems of clinical neurology and the implications of his work in this field. 
However, he did not deviate from his objectives in fundamental problems 
of morpholog}'^ and physiology in his attack on the nervous system. 

He was a fellow of the American Association for the Advancement 
of Science and a member of the National Academy of Science, the 
American Neurological Association, the American Physiological Society 
and the American Association of Anatomists, of which he was president 
from 1938-1940. He served for a number of years on the Committee 
on Nomenclature of the American Association of Anatomists, and he 
was a member of the editorial board of the Archives of Neurology 
AND Psychiatry. His medical fraternity. Phi Beta Pi, established an 
annual lectureship in his honor at the Northwestern University Medical 
School in 1929. He was elected to Alpha Omega Alpha while an under- 
graduate medical student. 

Dr. Ranson was a dignified, modest and retiring man, who felt 
keenly his responsibility for leadership for the advancement of knowledge 
in neurologic sciences. There was no place for sham, bluff or front in 
his makeup, and he easily recognized it in others. He did not hesitate 
to question dogma and didactic authorities and to stand his ground 
against attack and criticism. He was a worthy opponent, but a fair 
one in any argument. He could dissociate evidence from the fluency 
of presentation and would probe beneath the surface and veneer of 
salesmanship for the real facts. He worked diligently all his life, even 
to the detriment of his own health in later years. He nursed a gastric 
ulcer for the last ten years of his life. His’ interest was in estab- 
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lishing factual evidence rather than in selling himself. He was a 
devoted husband and father, who found time to enjoy and contribute 
to the family circle. He was -very pleased that his son, Stephen, chose 
medicine as a profession and that he secured a thorough training 
for clinical neurology. Likewise, his daughter Mary showed proficiency 
in her work with him in the laboratory. He was a proud grandfather 
and exhibited great interest in his three grandchildren. 

The students who passed through his laboratory were extremely 
loyal to him and appreciated the fatherly interest he took in their 
scientific development and their personal problems. They continued 
to communicate and visit with him for help and advice long after they 
had left his laboratory. He always made them feel welcome. There 
was a spirit of give and take, of fellowship and of dignified respect, 
without aii}^ exhibition of austere domination. He was a leader of 
strength and high ideals, whose accomplishments will live through time 
and whose influence will be continued by his students and associates. 

Joseph C. Hinsey, Ph.D. 



Abstracts from Current Literature 

Edited by Dr. Bernard J. Alpers 


Anatomy and Embryology 

A Cytoarciiitectural Study of the Sheep Corte.x. Jerzy E. Rose, J. Comp. 
Neurol. 76:1 (Feb.) 1942. 

Rose has divided the cerebral cortex of the sheep into holocortex septemstra- 
tificatus, bicortex, niesocorte.x, holocortex bistratificatus, schizocorte.x and semi- 
cortex. Each of these cortices he further subdivides into regions and into areas 
on the bases of morphologic and topographic properties. 

Addison, Philadelphia. 

The Cerebral Cortex in the Groundhog (Mar.mota Monax) and the Deer 
Mouse (Peromyscus Maniculatus). H. Chandler Elliott, J. Comp. 
Neurol. 76:75 (Feb.) 1942. 

Two dimensional maps are presented to show the extent of the areas of the 
cerebral corte.x of the groundhog and of the deer mouse. The occipital cortex of 
the groundhog and the temporal corte.x of the deer mouse show a greater devel- 
opment than those of other rodents. The parietal area is large in both species, 
but the frontal area is small in the groundhog, as it is in other large rodents. 

Addison, Philadelphia. 

Physiology and Biochemistry 

Effect of Amounts of Single Vitamins of the B Group upon Rats Defi- 
cient IN Other Vitamins. Klaus Unna and Josephine D. Clark, Am. 
J. M. Sc. 204:364 (Sept.) 1942. 

Unna and Clark studied the manner in which the course and the manifesta- 
tions of deficiencies due to the lack of one factor of the vitamin B comple.x may 
be influenced by the prolonged administration of excessive amounts of the various 
other members of the B group. Experiments were carried out on 920 male albino 
rats. At 3 weeks of age the rats were placed on highly purified diets deficient 
either in the entire vitamin B complex or in individual factors, such as riboflavin, 
pyridoxine or pantothenic acid. The rats maintained on the various diets were 
divided into series of 20 each. Each scries received a daily supplement of one 
vitamin in an excessive amount. The rats Avere subdivided into three groups of 
20 each. One group received no supplement; the other two groups were fed daily 
10 micrograms and 1 mg. of thiamine hydrochloride respectively. The rats receiv- 
ing no supplement declined in Aveight, AA'hereas the rats receiving either 10 micro- 
grams or 1 mg. of thiamine hydrochloride maintained their AA'eight for a period 
of six Aveeks. 

Three hundred and sixty rats, divided in three equal series Avere placed on 
diets deficient in riboflavin. One series received no riboflaAon. The other tAVO 
Avere given a daily supplement of 2 and 10 micrograms of riboflavin respectively. 
Each of the three series Avas subdivided into one group of 40 animals receiA'ing 
no further supplement and four groups of 20 animals each receiA'ing e.xcessiA'e 
amounts of thiamine hydrocholide (1 mg.), nicotinamide (10 mg.), pyridoxine 
(1 mg.) and pantothenic acid (10 mg.) respectively. All animals receiA'ing no 
riboflavin gained about 13 Gm. during the first three Aveeks, after Avhich period 
their Aveights became stationary. The additional feeding of 2 micrograms of 
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riboflavin per rat per day to the second series of rats on the riboflavin-free diet 
resulted in average gains in weight of about 40 to 50 Gm. for a period of ten 
weeks. 

Three hundred rats, divided into three equal series, were placed on diets defi- 
cient in pantothenic acid. One series of animals received no pantothenic acid; 
another series of animals received a daily supplement of 25 micrograms of calcium 
pantothenate per rat, an amount insufficient for optimum growth. The third series 
was given 100 micrograms of calcium pantothenate. The three series of animals 
were subdivided into three groups of 20 each and were fed large daily doses of 
single vitamins. The animals of the first series, which received no pantothenic acid, 
gained between 20 and 30 Gm. during the first three weeks. In the second series 
of animals, which received a daily supplement of 25 micrograms of calcium panto- 
thenate, no difference in the rate of growth of the various groups was noted. 
The third series gained at a rate of approximately 3 Gm. per rat per day. In 
this series there was no difference in the rate of growth between the control and 
die other groups receiving large amounts of other vitamins. 

Two hundred rats were placed on a diet free from pyridoxine. A group of 
100 animals receiving no further supplement served as a control for two groups 
of 50 rats each which were given a daily supplement of 1 mg. of thiamine hydro- 
chloride and 10 mg. of calcium pantothenate respectively. No difference was 
observed between the rates of growth of the three groups. The authors conclude 
that prolonged administration of large amounts of individual vitamin of the B 
group to rats subsisting on diets either entirely free from or partly deficient in 
one or more factors of the vitamin B complex failed to aggravate the manifesta- 
tions of the deficiency state. . Michaels, Boston. 

A Study of Thiamine Deficiency in Swine. Maxwell M. Wintrobe, 
Harold J. Stein, Mitchell H. Miller, Richard H. Follis Jr., Victor 
Najjar and Stewart Humphreys, Bull. Johns Hopkins Hosp. 71:141 
(Sept.) 1942. 

Pigs, about 3 weeks old, were fed a simple diet poor in the vitamin B complex. 
Acute and relatively chronic states of thiamine deficiency were produced by adding 
no, or only inadequate quantities of, thiamine hydrochloride. 

The outstanding symptoms of thiamine deficiency were failure of appetite, 
vomiting, dyspnea, cyanosis and sudden death ; poor growth was a less striking 
sign. When death occurred, the terminal symptoms were those of acute severe 
cardiac failure. No edema other than that of the lungs was ever noted. Once 
vomiting or anorexia had appeared, symptoms of cardiac failure often developed 
suddenly and unexpected death sometimes occurred. In all the animals which 
died after thiamine deficiency focal necrosis of the myocardium was observed. 
There were no neurologic symptoms or degenerative changes of the nervous system. 

The pyruvic acid content of the blood and the thiamine in the urine were 
measured.^ These observations suggest that the urinary thiamine excretion reflects 
only the immediately preceding thiamine intake. The thiamine tolerance test is 
a useful measure of thiamine deficiency states. The pyruvic acid content of the 
blood, although influenced by factors in addition to the thiamine and the carbo- 
hydrate intake, was found to be correlated with the onset and the severity of 
symptoms ^ of thiamine deficiency. Alore useful than a single determination of 
the pyruvic acid level of the blood, however, was a comparison of the values 
before and after the administration of a measured amount of dextrose. 

e 

Price, Philadelphia. 

Aphasia After Major Temporal Lobectomy. Aidan A. Raney, Arnold P. 
Friedman and J. M. Nielsen, Bull. Los Angeles Neurol. Soc. 7:154 (Sept.) 
1942. 

. The authors report a case of aphasia following major temporal lobectomy for 
a large left temporo-occipital neoplasiu. A study of the language function made 
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three weeks after operation showed that the patient’s language formulation was 
completely lost. She had no ability to read or write and had slight retention of 
ability to comprehend spoken language. She was able to recognize objects and 
colors and had complete right homonymous hemianopia. 

Lesko, Bridgeport, Conn. 

Nicotinic Acid Deficiency Studies in Dogs. A. E. Schaefer, J. M. McKibein 
and C. A. Elvehjeji, J. Biol. Chem. 144:679, 1942. 

Uncomplicated nicotinic acid deficiency in young dogs may be produced on 
a highly purified casein-sucrose ration supplemented with thiamine, riboflavin, 
pyridoxine, pantothenic acid and choline. This ration seems suitable for the 
assay of food materials for their nicotinic acid content. The requirement of 
nicotinic acid, as calculated by single dose feedings, for adult dogs ranges from 
200 to 225 micrograms per kilogram of bodii- weight per day, and for young 
growing puppies it ranges from 250 to 365 micrograms per kilogram. Feeding 
sulfapyridine (2- [paraaminobenzcnesulfonamido] -pyridine) inhibits the response of 
the nicotinic acid-deficient dog to nicotinic acid, nicotinamide, dried liver and 
liver extract powder. This inhibition is overcome by feeding of fresh liver. 

Page, Indianapolis. 

Arterial and Cerebral Venous Blood. L. F. Ni.ms, E. L. Gibbs and W. G. 
Lennox, J. Biol. Chem. 145:189, 1942. 

Rapid alteration of the carbon dioxide content of the arterial blood in man 
and in anesthetized monkeys modifies both the frequency and the amplitude of 
the electrical potentials obtained from the cerebral cortex. Chemical examination 
of the internal jugular venous blood of healthy young men, when rapid increases 
or decreases of carbon dio.xide in the arterial blood are produced, reveals the 
presence of effective mechanisms which serve to protect the brain from altera- 
tions of its acid-base balance, A direct relation between the inorganic phosphorus 
and the carbon dioxide level of the blood and an inverse relation between the 
lactic acid and the carbon dioxide level have been found during changes in carbon 
dioxide concentration of the arterial blood when these alterations are produced 
by breathing carbon dioxide-enriched air and by pulmonary overventilation. 

Page, Indianapolis. 

Autonomic Responses to Electrical Stimulation of the Forebrain and 
Midbrain with Special Reference to the Pupil. Robert Hodes and 
H. AV. Magoun, j. Comp. Neurol. 76:169 (Feb.) 1942. 

By means of the Horsley-Clarke technic Hodes and Magoun stimulated the 
forebrain and the midbrain of 40 cats anesthetized with chloralosane (a compound 
of chloral hydrate and dextrose) or ethyl carbamate by a condenser discharge of 
a constant frequency of 120 per second. Stimulatory effects on the sympatheti- 
cally or parasympathetically denervated iris, the nictitating membrane, piloerec- 
tion on the tail and the blood pressure were observed. The areas stimulated 
were mapped on outline drawings. Excitor regions for the sympatliectomized iris 
were found rostral to the anterior commissure and extended as far caudally as 
the level of the superior colliculus. Excitor regions for the parasympathectom- 
ized iris, the nictitating membrane and piloerection extended from the level of the 
optic chiasm without interruption through the hypothalamus and passed into the 
midbrain by way of the periventricular fibers and fibers running caudally into 
the tegmentum from the lateral hypothalamic area. The effects on blood pressure 
were practically identical with those previously reported. 

Fraser, Philadelphia. 
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Relation of Fibrillation to Acetylcholine and Potassium Sensitivity in 
Denervated Skeletal Muscle. J. W. Magladery and D. Y. Solandt, 
J. Neurophysiol. 5:357 (Sept.) 1^42. 

Denervation rendered skeletal- muscle much more sensitive to acetylcholine and, 
to a less degree, to potassium chloride. Small concentrations of these agents, 
when injected intra-arterially, produced action potentials comparable to and super- 
imposed on those of fibrillation. This excitation was abolished by quinidine in 
doses which would arrest fibrillation. It was suggested, therefore, that the fibril- 
lation seen in skeletal muscle after denervation of the lower motor neuron arose 
from increased sensitivity of denervated muscle to chemically induced excitation. 
The present experiments indicated that acet 3 dcholine, potassium or both might be 
tlie usual causative agent or agents. Alpers, Philadelphia. 

Effect of Alcohol in Experimental Liver Cirrhosis. J. V. Lowry, L. L. 
Ashburn, Floyd S. Daft and W. H. Sebrell, Quart. J. Stud, on Alcohol 
3:168 (Sept.) 1942. 

The authors present evidence to show that cirrhosis of the liver may be pro- 
duced in rats bj' dietary deficiency without the use of alcohol. However, when 
alcohol was substituted for drinking water, the hepatic cirrhosis was usually 
more severe. The action of the alcohol in these cases is not clear, but it is 
suggested that alcohol acts by more complex mechanisms than direct toxicity. 

Lesko, Bridgeport, Conn. 

Chemical Changes in the Blood and the Occurrence of Uremia Following 
Head Injury. J. N. Cumings, J. Neurol. & Psychiat. 5:40 (Jan.-April) 
1942. 

Of 25 patients with injury to the head, Cumings found no significant changes 
in the chemical constituents of the blood other than a raised inorganic phosphate 
content in persons with severe cerebral lesions. In 17 other patients with head 
injury .both the blood and the urine were studied biochemically. Of this group, 
uremia developed in 4 patients and the urea and phosphate levels of the blood 
were increased, with a normal volume of urine but with a high excretion, of urea 
in an acid urine. Autopsy on 2 of these patients revealed evidence of renal lesions 
which differed from those in cases of traumatic anuria following crush injuries 
of the limbs. There were alterations in the chemical content of phosphate and 
uric acid in the kidneys of the 2 patients who died of uremia. It is not known 
whether the underlying mechanism is that associated with damaged cerebral tissue 
or with some renal abnormality. Alkalis produced clinical improvement in 1 
patient with a raised urea content of the blood. 

N. Malamud, Ann Arbor, Mich. 

The Effect of Hypertonic Glucose Solutions on the Inflow of Normal 
Saline Solution into the Subarachnoid Space of the Dog. T. H. B. 
Bedford, J. Physiol. 101:106, 1942. 

Hj'pertonic (25 or 50 per cent) solution of dextrose, as well as hj'pertonic solu- 
tions of levulose and sodium chloride, caused an increase in cerebrospinal fluid 
pressure, with a corresponding decrease in the rate of inflow of physiologic 
solution of sodium chloride under constant pressure into the subarachnoid space 
after a brief interval during which the opposite effect was observed. This interval 
was longer when sodium chloride was used. Edema and swelling of the brain were 
a frequent result, especially after administration of dextrose. The author con- 
cludes that this is the most characteristic result of the intravenous administration 
of a hypertonic solution of dextrose in the dog. Thomas, Philadelphia. 
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Thi- Cholinergic Nature of the Nerves to the Electric Organ of the 
Torpedo. W. Feldberg and A. Fessard, J. Physiol. 101:200, 1942. 

Feldberg and Fessard conclude that the nerves to the electric organ of the 
torpedo are cholinergic on the basis of the following evidence: (1) The organ 
contains between 40 and 100 mg. of acetylcholine per gram of fresh tissue; (2) 
the acetylcholine content of the perfusion fluid is increased by stimulation of the 
nerves to the perfused organ; (3) intra-arterial injection of acetylcholine has an 
electrogenic effect, and (4) physostigmine increases the sensitivitj' of the organ to 
intra-arterial acetylcholine. Thomas, Philadelphia. 

Meninges and Blood Vessels 

The Prognosis of Pneumococcic Meningitis Treated with Che.motherapy. 
G. Hollander, Am. J. M. Sc. 203:370 (March) 1942. 

Hollander reviews 260 reported cases of pneumococcic meningitis in which 
chemotherapy, with or without specific scrum was em])Io 3 'cd, in an attempt to 
evaluate the effectiveness of each of the therapeutic agents, alone and combined. 
In 160 cases in which chemotherapy alone was employed, sulfapyridine (2-[para- 
aminobenzcnesulfonamido] -pyridine) proved to be a more efficacious drug than 
sulfanilamide. The percentages of recovery with sulfapyridine therapy alone and 
with sulfapyridine-serum therapy arc the same (58 per cent). The irregularity 
of absorption of the drug leads to difficultj' in estimating the dosage. The efficiency 
of the sulfanilamide drugs is relatively unimpaired by the type of the pneumococcus 
involved. In cases of meningitis due to types III and V the combined sulfapyridine- 
serum therapy seems to be indicated. The prognosis for pneumococcic meningitis 
secondary to pneumonia is poor. Combined treatment with sulfapyridine and 
serum gives the best prognosis in the age period between 10 and 20 years, in 
which almost one third of the recoveries have occurred. The prognosis is 
favorable if the cerebrospinal fluid is sterilized within four daj's after the admin- 
istration of sulfapyridine. Sulfapj'ridine is the drug of choice in the treatment of 
pneumococcic meningitis. iMichaels, Boston. 

Torula Meningitis. Weslev N. Warvi and Rulon W. Rawson, Arch. Int. 
Med. 69:90 (Jan.) 1942. 

Warvi and Rawson call attention to the frequency with which torula meningitis 
is associated with Hodgkin’s disease. Seventy-eight cases of torula meningitis 
have been noted to date. Torula is a yeastlike organism and is only rarely patho- 
genic for man. It differs from a true yeast in that it does not produce endospores 
and forms myceliums only under certain cultural conditions. The effect of the 
organism is the production of granulomatous lesions which grossly resemble those 
of tuberculosis. There is little known of the early stage of the clinical course 
because the diagnosis is rarely made until the meningitis is well established. The 
respiratory tract is the portal of entr}% but the interval that precedes the onset 
of cerebral involvement is unknown. Signs and symptoms of increased intracranial 
pressure become progressively more severe, and death usually results from 
respiratory failure. Spread of the disease is by embolic dissemination, and 
organisms may be cultivated from the blood, urine and spinal fluid. Examination 
of the spinal fluid is of the greatest help in the diagnosis. The pressure is 
increased, and the fluid is turbid or gelatinous, with marked increase in proteins. 
The cell count is elevated, with lymphocytes predominating. The most definite 
diagnostic procedure is said to be biopsy of the meninges. All treatment has 
been ineffective except for the use of repeated lumbar punctures. 

The authors present the eighth reported case of torula meningitis in association 
with Hodgkin’s disease. The course rvas insidious and intermittent, but was 
progressive and terminated fatally. The increasing intracranial involvement caused 
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severe headaches, visual, sensory and motor disturbances, projectile vomiting, 
disorientation, coma and respiratory failure. Of interest in the authors’ case was 
the reduction of cells in the spinal fluid after roentgen treatment to the head. 

Beck, Buffalo. 


Observations and Surgical Aspects of the Carotid Sinus Reflex in Man. 

Bronson S. Ray and Harold J. Stewart, Surgery 11:915, 1942. 

This study is based on 13 cases in each of which there was opportunity to 
observe various aspects of the function of the carotid sinus. In 4 patients a 
hypersensitive sinus was denervated. A fifth patient showed no changes in pulse 
or blood pressure with his syncopal attacks (cerebral type) but was relieved of 
his symptoms after removal of nearby tuberculous lymph nodes. A sixth patient, 
a woman of 61, had an intracranial arteriovenous aneurysm. Pressure on one 
carotid sinus produced syncope after the nerves leading away from the sinus 
had been anesthetized with procaine. Syncope may result from arterial occlusion 
without participation of the carotid sinus mechanism. Two young patients with 
presumably normal sinuses were studied in the course of ligation for intracranial 
vascular anomalies. Five patients with section of the glossopharyngeal nerve 
provided evidence that afferent impulses from the carotid sinus do not always 
pass over this nerve alone. 

The authors recommend routine preoperative examination of the carotid 
sinuses. Ether anesthesia does not always obliterate a hypersensitive sinus reflex, 
and unilateral infiltration of the sinus nerves with procaine is advocated when 
necessary. Drayer, Philadelphia. 

Diseases of the Spinal Cord 

An Analysis of Forty-Nine Cases of Acute Anterior Poliomyelitis. 
G. Bruce Lemmon Jr., Pennsylvania M. J. 45:1039, 1942. 

The cases reported by Lemmon were observed during the epidemic of 1941. 
AH the patients were hospitalized, but it is pointed out that in the presence of 
an epidemic persons with suspected as well as obvious cases of the disease are 
usually sent to a hospital. Hence the group is regarded as being fairlj"^ represen- 
tative of the epidemic as a whole. 

The course of the disease differed in two important respects from that usually 
observed in epidemics. 1. Whereas paralysis has been reported to occur in 25 to 
35 per cent of patients as a rule, only 27 per cent of the present series showed 
complete freedom from paralysis. 2. Signs of bulbar involvement were uncom- 
monlj'^ frequent, the incidence being 34 per cent as compared with the usual inci- 
dence' of between 6 to 26 per cent. Drayer, Philadelphia. 

Injuries of the Intravertebral Disk in Military Service. J. Grafton 
Love, War Med. 2:403, 1942. 

Love has studied 1,500 cases of protrusion of an intravertebral disk. He finds 
the results of operative therapy excellent and the mortality less than 0.25 per 
cent. An intravertebral disk usually protrudes when a person whose back is in 
flexion receives some unusual stress or strain to the back, such as a sudden fall 
while in a sitting position. Such an accident causes a protrusion of one of the 
lumbar disks, most commonly that between the fourth and the fifth lumbar 
vertebra. The symptoms' are pain in the lower part of the back, unilateral sciatic 
pain and hyperesthesia over the foot on the involved side. The patient walks 
with a limp; his trunk is bent away from the painful side; there are loss of 
lumbar lordosis and spasticity of the erector spine muscle; the motions of the 
spine are limited; hyperextension is painful, and a positive leg-raising sign is 
present. There is occasionally some loss of sensation over the lateral side of 
the calf or the lateral and dorsal portion of the foot. The achilles reflex is 
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diminished or absent. The total protein of the cerebrospinal fluid is more than 
40 mg. per hundred cubic centimeters in two thirds of the cases. The diagnosis 
is confirmed by contrast radiologic studies, with use either of air or of an 
opaque oil. 

The treatment should be expectant for two or three weeks, followed by 
removal of the disk by laminectomy or resection of the ligamentum flavum. 

Love advises as a prophylactic measure that paratroopers, dive bomber pilots, 
pilots who are catapulted from a ship, pilots who land on a carrier, tank drivers 
and cavalrymen be given a snugly fitting sacroiliac belt or a canvas corset. 

Pearson, Philadelphia. 

Peripheral and Cranial Nerves 

The Systeahc Nervous Affinity of Triortiiockesyl Phosphate (Jajiaica 
Ginger Palsy). Charles D. Aring, Brain 65:34, 1942. 

The clinical picture of triorthocresj'l phosphate (Jamaica ginger) poisoning is 
well known. Cramps, nausea and vomiting develop immediately after ingestion 
of the poison. Diarrhea may last several days. Neurologic symptoms develop in 
from seven to fourteen days. There are cramping, burning and stinging pain in 
the calves, followed by numbness and tingling. Later tliere is weakness of the 
peroneal muscles. About one week after the legs are involved, the hands become 
weak. Muscle weakness becomes progressively more severe for about a month, 
when it is usually extensive and pronounced. 

Examination reveals inconstant sensory changes. In some cases mild impair- 
ment of pain, temperature and touch sense is observed. Vibratory sensation is 
also occasionally disturbed. Some patients have tenderness of nerve trunks with 
hyperesthesia. The hands and feet are almost invariably cold, moist and cyanotic. 

The tendon reflexes are normally active except that the patellar and arm 
reflexes are occasionally hyperactive and the ankle jerks are always absent. The 
presence of active knee jerks and the appearance of involuntary flexor spasms of 
the legs in many cases suggest involvement of tlie pyramidal tract, in addition to 
the obvious disease of the anterior horn cells. 

Pathologic study reveals spotty loss of muscle fibers and replacement by con- 
nective tissue and fat. The small arteries, capillaries and precapillaries of muscle 
are involved in a process which, by thickening of all the coats of the vessels, 
produces an extremely narrow lumen. In some degenerated areas the blood 
vessels are angiomatous, suggesting new vessel formation. Similar vascular changes 
are to be observed in many of the abdominal viscera, as well as in the somatic 
musculature. 

All peripheral nerves and roots show severe degeneration of myelin, and there 
is, in addition, heavy overgrowth of connective tissue. 

In the spinal cord, the leptomeninges are thickened. Degeneration of the white 
matter is invariably observed, and the lateral pyramidal tracts are always involved, 
especially in the lower segments of the cord. There is also rim degeneration, 
similar to that often seen in subacute combined degeneration. 

In the gray matter of the anterior horns, severe reduction in cells is observed, 
and the remaining cells show considerable degeneration. Minor degrees of neuronal 
change only are observed in the brain stem and the cerebrum. 

Aring concludes that the disease is essentially a hyperplastic fibrosis of smaller 
arterioles and capillaries and suggests that the degeneration of the nervous system 
may be secondary to this vascular disturbance. Masland, Philadelphia. 

Vestibular Functions in the Guillain-Barre Syndrome. J. Helsmoortel 
and G. Myle, Confinia neurol. 4:148, 1942. 

Helsmoortel and Myle describe' a mesencephalic or mesencephalospinal form of 
the Guillain-Barre syndrome with manifestations of involvement of the cochlear 
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and vestibular nerves. The predominant symptoms were vertigo and ataxia. 
Caloric, rotating chair and galvanic tests showed evidences of vestibular dissocia- 
tion. The authors believe that central as well as peripheral lesions may exist in 
the Guillain-Barre syndrome. DeJong, Ann Arbor, Mich. 

Optic Neuritis Following Weil’s Disease.. Peter Olaf Pensky, Deutsche 

Ztschr. f. Nervenh. 152:153 (May) 1941. 

Pensky reports the case of a 32 year old man in whom optic neuritis devel- 
oped two months after the onset of an attack of Weil’s disease. Visual loss was 
first noted about twenty days after recovery from the acute infection. 

The neuritis could be observed only in the right eye because of old tuber- 
culous keratitis in the left. In the right eye visual acuity was slightly reduced, 
and there was 0.75 diopter of swelling of the disk. There were no other neuro- 
logic symptoms or signs. The swelling of the disk gradually subsided, and vision 
returned to normal in the course of the next four months. 

The author comments on the rarity of optic neuritis during the course of or 
following Weil’s disease. The 6 cases previously reported in the literature are 
briefly reviewed. He believes that the spirochete of Weil’s disease has an affinit}' 
for the nervous system but that in most instances this is manifested by meningeal 
or polyneuritic symptoms. Merritt, Boston. 

Treatment, Neurosurgery 

The Management of Neurosvphilis. Bernard Dattner and Evan W. 

Thomas, Am. J. Syph., Conor. & Ven. Dis. 26:21 (Jan.) 1942. 

Patients with neurosyphilis often present individual problems, and no generali- 
zation will cover the complete management of every case. However, the authors 
review their experiences and those of others in an attempt to evaluate those factors 
which constitute active neurosyphilis. 

Many physicians and clinics still depend on incomplete reports on the spinal 
fluid and clinical signs and symptoms. Some patients are referred to a hospital 
for fever therapy merely because of a positive Wassermann reaction of tlie spinal 
fluid, while others are referred only after clinical manifestations have become well 
established. There is a general tendency to evaluate results chiefly in terms of 
clinical improvement. This may be inaccurate because such evaluation is fre- 
quently difficult to determine. The criterion is not always a satisfactory guide to 
management in that it suggests little about the permanent effects of treatment. 
The authors emphasize that it is of greater value to determine the activity of 
the pathologic process in the light of the necessary treatment rather than to 
attempt accurate differentiations of neurosyphilis. 

The first task in the management of neurosyphilis is to acertain the activity 
within the central nervous system. One guide is the appearance of new clinical 
symptoms, but the authors point out that (1) signs and symptoms may persist as 
a result of past activity and are not proof of a continuing active process, (2) 
improvement in clinical symptoms may only be transitory and (3) the syphilitic 
infection may be very active within the central nervous system and still be 
asymptomatic. 

The second guide concerning activity of the syphilitic process is examination 
of the spinal fluid. The authors make the following generalizations : 1. A positive 
Wassermann reaction of the spinal fluid alone is not proof of an active syphilitic 
process but merely an indication of the specific nature of the infection. The cell 
count and globulin and total protein values are the best indicators of activity. 
2. Reactions of the spinal fluid may vacillate during the first five years of a 
syphilitic infection. 3. After infection of five years’ duration a negative reaction 
of the spinal fluid will not become positive. 4. It does not follow that a com- 
pletely negative reaction of the spinal fluid always indicates inactivity within the 
central nervous system. Vascular syphilis and tabes dorsalis may be associated 
with such a reaction. The latter process, however, is one which continues to 
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produce symptoms long after the active infection may have disappeared. 5. An 
actively positive reaction of the spinal fluid with an increase in cells and protein 
five years after the initial infection is a danger signal. 6. In treated patients 
the Wassermann and colloidal gold reactions of the spinal fluid may remain 
positive after treatment has successfully checked the process. If the cell count 
and the protein value show improvement, it is unlikely that syphilis will again 
become active in the central nervous system. 7. It is possible to inhibit the signs 
of activity in the spinal fluid without permanently checking the activity in the 
central nervous system. 

The aim of treatment is to achieve optimum results in the shortest period 
without injurj’^ to the patient. Experience of investigators all over the world 
indicates that a combination of chemotherapy and induction of fever is the most 
effective treatment of all forms of neurosyphilis. Tertian malaria is believed to 
be the method of choice in induction of fever. After fever therapy the question 
arises as to how and what type of chemotherapy should follow. There is no 
unanimity of opinion on this subject. The controversy of pcntavalent versus 
trivalent arsenicals is still in question. 

The authors have evolved their plan of treatment following fever; they give 
daily injections of 0.06 Gm. of mapharsen immediately after the last fever treat- 
ment, with reexamination of the spinal fluid in si.x months. When weekly treat- 
ments are given, a six month course is advised. The spinal fluid is checked for 
activity in six months. The authors believe their intensive method of treatment 
is safe and that it is not necessary to continue chemotherapy for years. 

Beck, Buffalo. 

CosiBiNEU Artificial Fever, Chemotherapy, and Vaccinotherapy in the 
Treatjient of Neurosypiiilis. Alberic Marine, Am. J. Syph., Conor. & 
Ven. Dis. 26:234 (March) 1942. 

Marine reviews three and one-half years’ experience in the treatment of the 
various types of neurosyphilis with combined artificial fever and chemotherapy, 
with particular reference to the utilization of vaccine as an adjunct in the pro- 
duction of fever. The method of treatment was as follows: At 7 a. m. the patient 
received an injection of an arsenical drug and was immediately given five hours 
of. artificial fever at 105 F. On the third and fifth days he was- given an injection 
of a fever-producing vaccine and a bismuth compound. This procedure was 
carried on for ten weeks, during which a total of fifty hours of fever at 105 F., 
ten injections of an arsenical drug and twenty injections each of vaccine and of a 
bi.smuth compound were given. Treatment was then carried on in the outpatient 
department with an arsenical and a bismuth compound. Lumbar puncture was 
performed before and after the scries of treatments. 

The combined heat-drug-vaccine therapy was not found to be debilitating, 
since emaciated patients gained weight. Lightning pains diminished or disappeared, 
and tension states decreased. Not a single death occurred among the 265 patients 
treated. 

The author believes that favorable serologic results have occurred in a large 
percentage of patients. A real advantage claimed for artificial fever over malaria 
therapy is that a second course of fever treatments can easily be given. 

Beck, Buffalo. 

Some New Applications of Synthetic Vitamin E Therapy. George A. 
Blakeslee, J. Nerv. & Ment. Dis. 96:184 (Aug.) 1942. 

Blakeslee reports the results of vitamin E therapy in 3 cases of peripheral 
neuritis with the Guillain-Barre syndrome, 1 case of amyotonia congenita and 
1 case in which the differential diagnosis between amyotrophic lateral sclerosis and 
muscular dystrophy was uncertain. Alpha tocopherol acetate, 30 mg. a day, was 
given to each patient; it was thought that there was definite improvement in 
all cases. Chodoff, Langley Field, Va. 



ABSTRACTS FROM CURRENT LITERATURE 


473 


Reports of Partial Frontal Lobectomy and Frontal Lobotomy Performed 
ON Three Patients. W. J. Mixter, K. J. Tillotson and W. Wies, 
Psychosom. Med. 3:26 (Jan.) 1941. 

Mixter, Tillotson and Wies report the effects of partial bilateral frontal lobec- 
tomy in a 17 year old youth who had been subject to frequent convulsive seizures 
since childhood, with evidence of mental deterioration. Atrophy and adhesions 
were evident in the portions of the brain removed. Operation resulted in a 
decided reduction in the frequency of the convulsive seizures and apparently in 
some improvement in conduct and behavior. Bilateral lobotomy was performed in 
cases of agitated depression occurring in men aged 58 and 62. The authors 
verified the observations of Freeman and Watts that immediate relief from anxiety 
and nervous tension followed the operation. Among the psychotic manifestations 
favorably influenced were negativism, perseveration, extreme agitation and man- 
nerisms. Ideas and emotions which prior to operation produced gross psychotic 
behavior did not seem to be highly charged with affect after operation. Loss of 
spontaneity, initiative and interest and some impairment of recent memory with 
relative lack of concern about the future are the noteworthy destructive effects 
of prefrontal lobotomy. Nevertheless, the emotional responses are adequate to 
deal with external situations. The authors conservatively conclude that, in view 
of the definite danger attendant on operation, prefrontal lobotomy should be 
limited to patients who appear to be completely and permanently disabled by their 
psychiatric disorder. Schlezinger, Philadelphia. 


Muscular System 

Goiter with Associated Myasthenia Gravis. George F. Kowallis, Samuel 

F. Haines and John DeJ. Pemberton, Arch. Int. Med. 69:51 (Jan.) 1942. 

Since 1908 10 cases have been noted in the literature in which exophthalmic 
goiter was associated with myasthenia gravis. The authors report 3 cases of 
exophthalmic goiter and 1 case of adenomatous goiter and hyperthyroidism asso- 
ciated with myasthenia gravis. In 1 case a subtotal thj'roidectomy was performed, 
with alleviation of symptoms of both processes. 

Exophthalmic goiter and myasthenia gravis have certain common characteristics. 
Both occur at any decade of life, and females are more frequently affected than 
males. Muscular weakness is common to both, as are spontaneous exacerbation 
and remission with a tendency to progression. But in myasthenia gravis ptosis 
of the upper lid is usual, while in exophthalmic goiter the lids are usually retracted. 
Enlargement of the thymus is not a differential factor. A clinical response to 
prostigmine is characteristic of myasthenia gravis, while for exophthalmic goiter 
iodine is more or less specific. This is of no diagnostic help if myasthenia gravis 
occurs in association with hyperthyroidism. The basal metabolic rate is unchanged 
in cases of uncomplicated myasthenia gravis. 

Pathologic studies were made in 99 cases of myasthenia gravis, and in 45 of 
the cases prominent anatomic lesions of the thymus body were present. In con- 
trast, in 74 fatal cases of exophthalmic goiter the thymus gland was hypertrophic. 
In a small series of treated patients with exophthalmic goiter who died of causes 
unrelated to the goiter, there was no instance of hypertrophy of the thymus gland. 
For adequately treated exophthalmic goiter the prognosis is good, but for 
myasthenia gravis the outlook is grave. It is especially poor if the diseases 
coexist, but even then remissions are known to occur. 

Surgical treatment of exophthalmic goiter complicated by myasthenia gravis 
is difficult because it is important that the patient be able to cough and swallow 
to dispose of tracheal mucus, which is common after thyroidectomy. In the 
authors’ surgical cases, prostigmine was used ; the resulting muscular improvement 
was such that no complications were encountered. Beck Buffalo 
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Muscular System 

Muscle Changes in Myopathies and Dystrophia Myotonica. Julio Arano- 
vich and Alfredo C. Menzani, Rev. neurol. de Buenos Aires 7:147 (April- 
June) 1942. 

Biopsies of muscle in 3 cases of progressive muscular dystrophy and 6 cases 
of dystrophia myotonica were studied by Hortega’s technic. In the cases of pro- 
gressive muscular dystrophy the authors found hypertrophied fibers, collagenous 
proliferation, atrophy of the sarcolemma and slight nuclear increase. They dis- 
tinguish three stages of the atrophic process. In 3 cases of dystrophia myotoniea 
they observed no lesion of the muscular fibers, connective tissue or blood vessels 
and only increase of nuclei; in the other 3 cases there were atrophy and sinuosity 
of the muscular fibers, disappearance of the crossed and longitudinal striations, a 
great quantity of peripheral and axial nuclei and proliferation of the connective 
tissue and, in 1 case, of the vascular tunics. Bailey, Chicago. 



Society Transactions 


CHICAGO NEUROLOGICAL SOCIETY 

Roy R. Grinker, M.D., President, in the Chair 
Regular Meeting, May 14, 1942 

Afferent Trigeminal Pathways as Determined by Evoked Potentials. 

Dr. H. W. Magoun and Mr. W. A. McKinle-y. 

With oscillographic recording of potentials evoked by stimulation of peripheral 
nerves, the central course of fast conducting afferent trigeminal fibers has been 
studied in the cat. In their course in tlie sensory root and the spinal fifth tract, 
fibers of the three divisions of the trigeminal nerve are laniinated in a dorsoventral 
order, which is the inverse of their distribution ’ in the face. Primary fibers of 
the mandibular division are detected as far caudally as the obex, and those of 
the maxillary and ophthalmic divisions, as far caudally as the first cervical 
segment. 

The neurons of the nucleus of the spinal fifth tract fired by primary fibers 
are laminated in a dorsoventral order, similar to that of the tract, but with 
greater overlap. No rostrocaudal projection on the secondary neurons could be 
detected, however, for secondary spikes were recorded throughout the extent of 
the nucleus of the spinal fifth tract in the case of each trigeminal division. 

Secondary trigeminal pathways pass diffusely across tlie reticular formation 
to the ventromedial part of the opposite side of the medulla and ascend in and 
adjacent to the medial lemniscus, in relation to similar fast conducting pathways 
from the limbs. These connections terminate in the ventral thalamic nucleus : 
the limb pathways in its posterolateral, or external, division and the trigeminal 
pathways in its posteromedial, or arcuate, division. 

The discharge of these pathways fires cells of the ventral thalamic nucleus, 
the axons of which pass forward in the internal capsule toward the cortex. 
Apparently, by some relay system the centrum medianum is also fired, but con- 
siderably later. No evoked potentials were detected in other thalamic nuclei. 

DISCUSSION 

Dr. a. Earl Walker: Through such a contribution to neuroanatomy as 
has been heard tonight the neural pathways within the brain stem are beginning 
to be understood. Not many years ago the secondary trigeminal pathways were 
considered to lie near the posterior longitudinal bundle, as postulated by Wallen- 
berg and van Gehuchten. The true position of these tracts has been demon- 
strated only recently. March! studies of the secondary pain pathways suggest that 
there is a second topical arrangement of the fibers in the mesencephalon. Dr. 
Magoun has mentioned the mediolateral arrangement of fibers, those from the 
face being medial and those from the lower extremity lying on the periphery. 
A certain dorsoventral lamination is also present, so that the fibers from the 
lower extremity lie dorsal to those from the upper extremity, both of which are 
dorsal to those from the face. 

^ The topical arrangement of the fibers terminating in the thalamus as deter- 
mined by Dr. Magoun’s experiments is in full accord with the results of previous 
studies and requires no further comment. 

Dr. Percival Bailey; I did not understand how Dr. Magoun tested the 
“onion skin” hypothesis, and I wish he would go into the details. As I under- 
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stand it, the peripheral layer of “onion skin” is supposed to descend farther in 
the bulb than the central layer. 

Dr. H. W.. Magoun : Afr. McKinley and I have not explored the possibility 
of afferent connections to the corpus striatum. On a few occasions face and 
limb potentials have been recorded from the subthalamus and the zona incerta; 
these may indicate the presence of an cxtrathalamic collateral from the lemniscal 
pathway. 

With reference to the similarity of potentials from the main sensory and the 
spinal fifth nucleus and the caudal extent of connections in the spinal fifth tract, 
it may be emphasized that potentials were recorded only from fast-conducting 
and presumably large trigeminal fibers, which Harrison and Corbin (Anat. Rec. 
82:26, 1942) have shown to be concerned with tactile sensibility. It would 
appear that touch is mediated not onb' by main sensory but to a considerable 
extent by spinal fifth nerve connections. 

The “onion peel” theory was examined by comparing the results of stimulat- 
ing the anterior mental and auriculotemporal nerves. Since the areas innervated 
bj' these nerves are located at the center and periphery of the “onion,” a signifi- 
cant difference in the distribution of their central connections might be expected. 
They were found, however, to be identical. 

Myasthenia Gravis: Treatment and Relation to the Thymus. Dr. L. M. 

Eaton, Rochester, Alinn. 

The prostigminc test advocated by Viets and Schwab has been found a most 
important aid in the diagnosis of myasthenia gravis. This test, however, may 
not be conclusive, particularly in cases of the milder form. In such cases the 
quinine test, introduced by Harvey and Whitehill, is of value. Quinine greatly 
intensifies the symptoms of myasthenia gravis. Objective evidence of myasthenia 
gravis can be obtained in cases of the milder type by administering quinine and 
prostigmine to the patient without the patient’s knowing the name of the drug 
and observing the weakening effects of quinine and the strengthening effects of 
prostigmine. 

Prostigmine bromide, administered orally, is the basic treatment for the aver- 
age patient. Doses of 15 to 30 mg. are repeated as often as necessary to main- 
tain a satisfactory degree of strength. Trial periods during which guanidine 
hydrochloride, ephedrine or potassium chloride is combined with prostigmine are 
necessary to determine the most beneficial regimen. If these adjuvants allow a 
significant reduction in the amount of prostigmine required or sufficiently increase 
the patient’s feeling of well-being, their use are continued. Quinine, • thyroid and 
procaine hydrochloride should be used cautiously in cases of myasthenia gravis, 
since these agents may intensify the symptoms. 

The relation of myasthenia gravis to the endocrine system, particularly the 
thymus gland, has been under consideration. The presence of thymic abnormali- 
ties in approximately half the cases in which death was caused by myasthenia 
gravis and the experiences with surgical removal and roentgen irradiation of 
the thymus furnish unequivocal evidence of the relation between myasthenia gravis 
and the thymus gland. > The value of extirpation and irradiation of the thymus 
gland in the treatment of myasthenia gravis is not established, but the results 
are encouraging and warrant further study. The effect of pregnancy on the 
course of the disease is striking but not uniform. The frequency with which 
exophthalmic goiter and myasthenia gravis are associated furnishes additional 
evidence of the relationship of myasthenia gravis to endocrine disturbances. 

Roentgenograms of the thorax, including lateral views to rule out enlarge- 
ment of the thymus, should be made in all cases of myasthenia gravis. If an 
enlarged thymus is detected, roentgen irradiation, surgical removal or both meth- 
ods of treatment are indicated. In the 2 cases of myasthenia gravis in which 
thymic tumors were removed at the Afayo Clinic, remissions of the m 3 'asthenia 
began within two months after irradiation of the region of the thymus. • The 
observation lends weight to the clinical impression that the mediastinal tumor 



SOCIETY TRANSACTIONS 


477 


was a factor in the production of the patient’s symptoms. In the present state 
of knowledge, roentgen irradiation of the thymus^ is worth trying, even though- 
roentgenographic evidence does not indicate thymic enlargement. Every patient 
who has myasthenia gravis should be studied for evidence of exophthalmic goiter 
and vice versa. 

mscussioN 

Dr. Victor E. Gonda: I should like to ask the author two questions: 
First, did he observe in these cases the cessation of the knee jerk or any other 
reflex after repeated elicitation? Second, did he obtain the so-called myasthenic 
reaction of Jolly? 

I should mention the only miracle that I have observed in connection with 
myasthenia gravis. In 1925 Dr. Bassoe and I made a diagnosis of myasthenia 
gravis in a woman, who subsequently underwent a series of treatments with 
tryparsamide and recovered. She has been a hard-working woman ever since, 
without the slightest manifestation of myasthenia. 

Dr. Roy R. Grinker; One of my most embarrassing moments concerns a 
patient with myasthenia gravis in whom the first symptoms developed during 
the early months of pregnancy. I urged strongly that the pregnancy be ter- 
minated, but she insisted on going through with it; she subsequently improved 
and was better than ever before. Since delivery she has had relapses, which 
have been successfully treated with ephedrine and prostigmine. 

I should like to ask about mediastinal tumors other than those of the thymus, 
and inquire how Dr. Eaton fits them into the theory of the origin of myasthenia 
gravis ; we have seen such tumors. Another phenomenon for which I have seen 
no explanation is the frequent accumulations of round cells in the muscles. 
These lymphorrhagias have also been reported in certain cases of hyperthyroidism. 
What does Dr. Eaton think is the significance of these infiltrations in cases of 
myasthenia gravis? 

Dr. a. J. Arieff: There have been many cases in which the use of prostig- 
mine was effective, but the after-effect left the patient in a more myasthenic 
condition than prior to the use of the drug. I have 1 such case. The patient 
does well only on combinations of physostigmine, ephedrine and prostigmine. 
I have had her under- treatment with each of the drugs alone and with all three 
of them together, and it is only by the latter method that she gets along. The 
results were controlled by dynamometric studies. 

Dr. R. P. Mackay : May I ask Dr. Eaton what is the longest remission he 
has observed in a case of myasthenia gravis? A young man came to me four or 
five years ago with the disease, and he was relieved by prostigmine. After a 
few weeks he was able to discontinue the drug and has been well since. He 
married against my advice in the interim. Incidentally, he was not given 
tryparsamide. 

Dr. Lee M. Eaton: Dr. Gonda asked whether loss of the knee jerk has 
been noted after repeated testing. I have not observed this, and I have made such 
tests frequently. Neither have I observed fatiguing of the pupillary light reflex to 
repeated flashes of light. The pupils of the patient presented in the motion 

picture reacted sluggishly at the height of the disease, but with normal rapidity 

after remission of the myasthenic symptoms. 

Remissions of varying duration occur spontaneously in myasthenia gravis. I 
recently saw a young man profoundly weakened who had acute attacks on an 
average of once a year. They were always of short duration, lasting only two 
or three weeks; between attacks he was entirely well. His response to prostig- 
mine was such as to leave no doubt as to the correctness of the diagnosis. 

Spontaneous^ remissions of a year or more are common, and remissions of nine 
years duration have been reported. Since such spontaneous remissions do occur, 
it is unwise to draw conclusions from 1 or 2 cases in which remissions seem to 
follow a specific therapeutic procedure. The results of the removal of thymic 
tumor in cases of this disease must not be judged until many more cases have 
been studied. 
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Dr. Grinker has asked concerning the association of myastiienia gravis with 
mediastinal tumors other than those originating in the tliymus. Thymic tumors 
vary so much in location and rocntgenographic appearance that I do not believe 
it can be stated after clinical examination alone that any intrathoracic tumor 
associated with myasthenia gravis is not of thymic origin. In necropsies at the 
IMaj'o Clinic the only intrathoracic growth encountered has been tumor of the- 
thymus. I have had 2 cases of great interest. In 1 case the diagnosis of malig- 
nant growth of the pleura and pericardium was made. Pleural and pericardial 
effusion had occurred on two occasions. The condition responded to roentgen 
irradiation, and the mj'asthenic symptoms disappeared. In retrospect, I believe 
the tumor must have originated from the thymus. In another case a widened 
mediastinal shadow was found on roentgenologic examination. This shrank rap- 
idly after irradiation. The tumor was thought to have been a lymphoma. This 
patient subsequently died in a veterans’ hospital, and I am awaiting a report of 
tlie postmortem study. 

I do not know of any adequate explanation for the lymphorrhagias observed 
in the muscles in cases of m 3 ’astbenia gravis. Weigert, mistakenly, looked on 
them as metastatic lesions from a sarcoma of the thymus. Others have stated 
that they represented an infectious process. They may be seen in muscles not 
involved clinically and are sometimes not found in muscles which arc weakened. 

■ Patients sometimes complain that they feel weaker after the effects of prostig- 
mine have worn off than thc.v would if none had been taken. I do not know the 
explanation of this. In such cases, ephedrine and guanidine hydrochloride may 
lessen the “let-down” which follows cessation of the effect of the prostigmine. 

An extract of the thymic tumors removed surgically has not been injected 
into the patients at the clinic. In the first case two extracts were prepared, one 
in water and one in alcohol. The results of injection of these e.xtracts into rats, 
were inconclusive. The cystic fluid removed in the second case has been frozen,, 
and it will be tested later. 


MICHIGAN SOCIETY OF NEUROLOGY AND PSYCHIATRY 


John M. Dorsey, M.D., President, in the Chair 
Regular Meeting, Sept. 17, 1942 

Clinical Evaluation of the Mosaic Test. Dr. Bernard L. Diamond and. 

Dr. Herbert T. Schmale, Ann Arbor, Mich. 

A modification of Lowenfeld’s mosaic test was given to over 200 selected 
patients. Color photographs were taken of the designs executed, and tliese have- 
been kept to form a permanent file for interpretation and comparison. It is 
believed that the mosaic performance should be regarded as an integrated whole 
and evaluated as an entity. The test is graded on the basis of achievement of 
a satisfactory and well organized Gestalt. There are indications that the abnor- 
malities in the mosaic pattern appear early and are little affected by significant 
changes in attitude, affectual states and social adjustment. Important differences, 
were noted between the color responses of schizophrenic subjects and those of " 
patients with organic and affective disorders. Specific diagnostic interpretation, 
particularly with reference to schizophrenia, was possible with a reasonable degree 
of statistical validity. Although its interpretation requires experience, the 
simplicity and ease of administration of the mosaic test should give it a definite 
place in the examination of the neuropsychiatric patient. 

Psychiatry and Morals. Dr. Richard L. Jenkins, Ann Arbor, Mich. 

This article will be published in Menial Hygiene. 
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PHILADELPHIA NEUROLOGICAL SOCIETY 
F. H. Lewey, M.D., Presiding 
Regular Meeting, May 22, 1942 

Tumor of the Cauda Equina with Unusual Onset and Symptoms: Report 
of a Case. Dr. Francis C. Grant and Dr. Everett O. Jeffreys. 

G. L., a bulldozer operator aged 41, who had previously been well, was return- 
ing home on the night of Dec. 26, 1941, when he suddenly sneezed violently. He 
immediately experienced severe pain in the lower part of the back and a sensation 
of "pins and needles shooting up and down his spine.” The pain soon came to 
radiate into both lower extremities. The severity and persistence of the pain 
prompted him to consult a physician, who applied adhesive strapping and told the 
patient that it was a sprain. 

He was unable to sleep because of the ever increasing pain. The following morn- 
ing he attempted to arise, but the lower extremities collapsed beneath ‘him and were 
so weak that he was unable to walk. There was also pronounced hesitancy in 
urination. Within thirty-six hours after the onset he was unable to void even with 
effort. No sensory phenomena other than pain, no paresthesias and no inability to 
differentiate touch, temperature or pain sensation was experienced. The patient 
entered the Graduate Hospital on December 31, four days after the onset, com- 
pletely paralyzed in both legs and writhing in pain. 

The signs of involvement at that time were: (1) complete flaccid paralysis of 
both lower extremities; (2) greatly diminished reflexes of both lower extremities, 
including the balanoanal and cremaster reflexes; (3) painful distention of the 
bladder up to the umbilicus; (4) appreciation throughout of all modalities of sen- 
sation and no saddle hypesthesia; (5) positive Naffziger sign; (6) bilateral Lasegue 
sign; (7) hypertonic rectal sphincter; (8) absence of fever and leukocytosis; (9) 
negative Wassermann reaction; (10) absence of roentgenographic evidence of 
involvement of the lumbodorsal and sacral portions of the spine; (11) an initial 
pressure of 400 mm. (water pressure) and dark, xanthochromic, old sanguineous 
fluid obtained on lumbar puncture, the puncture precipitating such exacerbation of 
pain in the genital region that a Queckenstedt test could not be performed, and (12) 
complete subarachnoid block revealed by injection of 3 cc. of iodized poppyseed oil, 
with the lower level at the lower border of the second lumbar vertebra. 

Removal of the first, second and third lumbar laminas gave adequate exposure 
of the lesion. A large tumor of the cauda equina was observed encircling the 
conus medullaris with hemorrhage below the tumor into the caudal sac. Large 
venous varices entered both poles of the tumor, and the filum terminale was incor- 
porated in the tumor and.had to be sacrificed in the complete removal of the growth. 
The roots of the cauda equina were entwined in the blood and fibrinous mesh. 
The tumor was removed in its entirety. The postoperative tourse was uneventful, 
and recovery was rapid. Bladder function was normal by the ninth postoperative 
day. The patient was able to walk unaided on the twenty-sixth postoperative day 
and is now back at his former occupation, without any appreciable residual signs. 

Dr. Lewey reported that the tumor was very vascular and definitely malignant, 
but that it could not be classified with absolute certainty. However, it resembled 
a hemangioblastoma. 

DISCUSSION 

Dr. Francis C. Grant: I was much interested in this man when he was 
admitted because of the abrupt onset of his symptoms with pain. I suspected that 
he might have an epidural abscess. Dr. Jeffreys was alert enough to realize that 
possibility and made a lumbar puncture. This test eliminated the possibility of 



480 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


an abscess. We both concluded that the patient had a lesion of the cauda equina. 
He was operated on, with the results stated. 

I am not entirely surprised that one should have bizarre neurologic signs with 
a tumor of the cauda equina. Since the roots can slip from side to side under a 
tumor, the development of symptoms may be unexpected. It is impossible to be 
dogmatic about the symptoms or the sequence of their appearance with tumors 
in this area. There is not necessarily any loss of sphincter control. The clinical 
picture that appears in cases of tumor of the cauda equina depends on the acute- 
ness of the onset and the degree to which the roots are compressed. 

I had the privilege the other day of operating on a patient of Dr. Winkleman’s 
who without question had had a tumor of the cauda equina for twenty-one years. 
For ten years roentgenographic evidence was positive for a lesion in that area; 
3''et the man was able to go about and symptoms in his lower legs developed onlj’^ 
gradually. I found an ependymoma of the cauda equina. 

Dr. a. Gordon : It is interesting to hear Dr. Grant say tliat one cannot always 
rely on the classic symptoms for diagnostic purposes. Time and again my asso- 
ciates and I have encountered cases of tumor of the spinal cord, not exacth' of 
the cauda equina, in which the acute sj’inptom — that of pain — should have been 
expected and there was no pain whatever during tlie entire course of the disease. 
We have seen cases of other pathologic conditions producing pressure, such as 
deformity of the spinal canal or osseous lesions pressing directly on the cord, in 
which pain should Iiave been expected but did not occur. Tlic reason is simplj' 
that we are not absolutely accurate and perfect in our diagnostic work. 

May I ask Dr. Grant whether there were any objective sensory disturbances, 
such as analgesia? Was there any involvement of the sphincters? As I under- 
stand, the tumor was in the upper part of the cauda equina. A tumor in that 
position produces direct pressure on the conus. If there was no sphincter trouble 
or objective sensory disturbance the case was really unusual. 

There are supposedly no irregular cases, as Dr. Grant said, but it must be 
admitted that for surgical or medical diagnosis, one must follow the whole course 
of the disease and examine the status of the sensoiy symptoms from daj' to daj'. 
Only in that way can one make the correct diagnosis in so-called unusual cases. 

Dr. Everett 0. Jeffreys; This tumor was a high-placed lesion of the cauda 
equina encircling the conus mcdullaris. It involved the filum terminale, the 
sheath of the latter seeming to form the capsule, or envelope, of the tumor. Over 
the capsule was the venous rete, or varices, extending well up over the conus and 
the lower portion of the spinal cord. 

I am not sure whether I made adequate mention of the sphincters in this 
case. The patient had no loss of sphincter control, but had hypertonicity of the 
rectal sphincter and presumably of the urethral sphincter, in that he was unable 
to void and the bladder was distended to the level of tlie umbilicus without an\- 
overflow. These symptoms had subsided by the ninth postoperative day. 

Dr. a. Gordon: What was the sensory state of the perineum? 

Dr. Everett O. Jeffreys : This man had no sensory changes referable to the 
lower extremities or to the perineum. There was no dissociation anesthesia, which 
is so frequently emphasized with lesions of the cauda equina. Most of the leading 
neurology textbooks, such as those of Purves-Stewart, Bing and Haymaker and 
Brain, stress the constancy of the perineal dissociation anesthesia with tumors of 
the cauda equina. 

There was not even hyperalgesia, as one might e.xpect with hemorrhage around 
the roots of the cauda. The absence of sensory phenomena in the saddle area and 
in the extremities and the sudden and peculiar mode of onset of symptoms with a 
lesion of this size impress me as unusual. I believe that it is a well accepted 

fact that in cases of lesions involving both the cauda equina and the conus medul- 

laris, the symptoms referable to the cauda equina mask those of the conus. 
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Electrophoretic Study of Concentrated Cerebrospinal Fluid. Dr. Elvik 

A. Kabat, Dr. Dan H. Moore and Dr. Harold Landow, New York. 

Specimens of cerebrospinal fluid of normal and of elevated total protein con- 
tent obtained from patients with neurologic disorders were concentrated to small 
volume by dialysis in the cold under pressure and studied in the Tiselius micro- 
electrophoresis apparatus, a cell of about 2 cc. capacity being used. 

The electrophoretic patterns were similar to those of the plasma proteins. In 
cases in which the total protein content of the spinal fluid was elevated, all of 
the plasma proteins were present; in those in which the protein levels were 
normal, alpha globulin and fibrinogen were frequently not detected. When the 
total protein of the fluid was increased, the greater part of this increase was 
generally due to albumin. Alterations in the pattern of the serum proteins were 
reflected in the cerebrospinal fluid. Patients with lymphogranuloma venereum, 
who showed a high level of gamma globulin in the serum, had a high gamma 
component in the spinal fluid. The albumin : globulin ratio, however, was not so 
low in the spinal fluid as in the blood of these patients. 

A spinal fluid with an abnormal colloidal gold curve showed a high gamma 
globulin level, and separation studies indicated that all of the colloidal gold activ- 
ity is contained in the gamma fraction. The data suggest that spinal fluid protein 
is derived mainly from the blood but that some synthesis of globulin may take 
place within the nervous system. 

DISCUSSION 

Dr. L. B. Chambers, Union City, Ind. : This study, of electrophoresis had 
its beginning as far back as 1803 or 1804, in the work of a physicist named Reuss. 
It is encouraging to know that after one hundred and forty years a technic 
devised by a physicist has finally come to have its bearings on medicine and 
biology, fields which at that time were completely foreign to physicists. 

Just how far the method can be used in diagnosis and in interpretation of 
pathologic states of course remains a question. About two years ago Longsworth 
and Mclnnes, of the Rockefeller Institute, in discussing electrophoresis of serum 
and plasma, predicted that in a short time the electrophoretic method would be 
in as common use in hospital laboratories as is the blood count at present. Their 
studies indicated that electrophoretic analysis of the albumin-globulin distribution 
in serum was of particular diagnostic value. 

All of course assumed that the sensitivity of the electrophoresis apparatus itself 
would have to be increased over and above what had been developed by Tiselius 
and his collaborators in Sweden and by Mclnnes in New York before the proteins 
of the spinal fluid could be adequately separated and identified. However, Dr. 
Kabat is to be congratulated on having introduced a method of negative dialysis 
which makes possible concentration of the proteins to such an extent that their 
detection and separation can be accomplished. 

The next step, if electrophoresis of the spinal fluid is to be used routinely for 
diagnosis, probably will lie in improving the speed with which the procedure can 
be carried out. It takes several days to make a single analysis of this type. In 
many cases the test would still be worth while, but it would be advantageous to 
speed the process. 

Dr. E. a. Spiegel ; I should like to ask Dr. Kabat for more detail about 
the interpretation of his observations on permeability of the capillaries to various 
proteins. If the meshwork of the capillary wall does not allow some large 
molecules or particles to go through, and if, then, the diameter of that meshwork 
is increased, one would expect that some of the large particles would be able 
to pass through. The question depends, of course, on quantitative relationships, 
and I should appreciate it if Dr. Kabat would give some of the observations on 
which he bases his conclusions regarding the double origin of the proteins in the 
spinal fluid. 

Dr. G. D. Gammon : I should like to ask what is found in cases of vascular 
occlusion in the nervous system, cases in which plugging of blood vessels with 
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destruction of brain tissue has occurred, and whether any changes that appear in 
the course of virus diseases, such as poliomyelitis and encephalitis, are charac- 
teristic of these infections. 

Dr. F. H. Lewey : I am sorry not to have invited Carl Lange to this meeting 
to enjoy the verification of his original tlieory, namely, that the substance 
responsible for the initial colloidal gold reaction is a globulin, that its appearance 
precedes increased permeability of the membranes and that, on the other hand, 
albumin prevails over globulin once the meninges become permeable. 

May I ask Dr. Kabat what minimal amount of spinal fluid is requisite for the 
cataphoresis and what globulin-albumin mixtures correspond with the usual curves 
in the colloidal gold reaction? 

Dr. Elvin a. Kabat; In reply to the first question, in serum there is usually 
about 70 per cent albumin and 10 per cent gamma globulin, and no alteration in 
permeability could explain a spinal fluid with SO per cent albumin and SO per cent 
gamma globulin. Any change in permeability would let proportionately more 
albumin through, since albumin has a smaller molecule than globulin. While 
with an increase in permeability more globulin will pass through than with the 
original permeability, much more albumin will pass through, relatively speaking. 

In answer to the second question, wc did not have any cases of poliomyelitis 
and only 1 or 2 cases of encephalitis. In 1 case of encephalitis in which we had 
a very low protein level of 16 mg. per hundred cubic centimeters we could not find 
an}' particular change, but at these low protein concentrations the method is less 
precise. In 1 case of “meningitis of unknown etiology,” with a protein content 
of 760 mg., all of the components were increased and the albumin level rose to 
500 4- nig. out of the 760 mg. ; so there was a tremendous increase in total albumin 
in relation to the otlier components. 

It would be of considerable interest to study some of the infectious diseases 
of the nervous system from the standpoint of the protein ratio of the spinal fluid. 
However, I think encephalograms are seldom, if ever, performed in cases of such 
disorders. 

The other question was in regard to vascular disturbances. Whenever there 
is any suspected vascular disease, I am told that one is reluctant to remove any of 
the spinal fluid. 

In answer to Dr. Lewey’s question concerning the minimum amount of spinal 
fluid necessary: One needs 2 cc. of the concentrated fluid for the microelectro- 
phoresis cell. One must also have a minimum concentration of 5 mg. of protein 
per cubic centimeter. About 10 to 12 mg. of spinal fluid protein is needed for 
analysis. Now, if the protein level of the spinal fluid is elevated, say, to 
10 mg., one conceivably could get along with 10 to 12 cc. of spinal fluid. But 
if the spinal fluid protein is only 20 mg. per hundred cubic centimeters, one would 
have to have SO to 60 cc. of fluid to make an adequate analysis. At this limit 
of 10 to 12 mg. the error is proportionately greater than it is with more con- 
centrated solutions. 

My associates and I like to have about 60 cc. of fluid containing 40 to 50 mg. 
of protein per hundred cubic centimeters to work with. It is possible to get 
down to the lower range, and we have done it, but we do not feel that we can 
get as reliable information. 

We usually can get only 60 cc. of spinal fluid in a case in which an encephalo- 
gram is made. In cases of disorders of the nervous system, with an elevated 
protein content of the spinal fluid, one can get sufficient fluid readily by lumbar 
puncture. The difficulty has been to get what we consider an adequate normal 
control, and for that we try to get 60 cc. of spinal fluid. I think we did that in 
a few cases. 

With regard to the colloidal gold curve, the gamma globulin itself has all of 
the colloidal gold activity, and with the pure gamma globulin one would always 
get a curve characteristic of dementia paralytica. 

We have frequently had cases in which the original spinal fluid had a colloidal 
gold curve of 111122111. That represents a beginning midzone and is usually 
considered normal. In most cases, if the gamma globulin was separated out, we 
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got a curve of the dementia paralytica type; again, the problem of having little 
protein to work with presented a difficulty. As I mentioned, we took a serum with 
a positive colloidal gold curve, for example, 4433221110; the curve for the 
separated gamma globulins, then, was something like 5555443211. If we took a 
sufficiently small amount of the gamma globulin from the serum, say one tenth of 
the amount present in the serum, and added the original amount of albumin, we 
could get a colloidal gold curve that was perfectly normal— all zeros. On the 
other hand, if we added an intermediate amount of albumin, not enough to inhibit 
completely, we could get back a midzone curve, 1122321110. 

I believe, therefore, that the colloidal gold reaction — whether one obtains a 
curve of the dementia paralytica or the midzone type — is determined chiefly by 
the ratio of albumin to globulin in the spinal fluid. 

Spontaneous Subarachnoid Hemorrhage: An Analysis of Fifty Cases. 

Dr. B. a. Hirschfield, Trenton, N. J., Dr. A. S. Tornay and Dr. J. C. 

Y AS KIN, 

Spontaneous subarachnoid hemorrhage should be recognized as a clinical entity 
for prognostic and therapeutic purposes. The hemorrhage is due to rupture of 
an aneurysm or an otherwise diseased blood vessel of the circle of Willis or of 
its extracerebral branches. Many of the aneurysms are congenital, which accounts 
for the hemorrhage in young persons; a few are mycotic, and many others are 
atherosclerotic in origin, the last type being frequently associated with hypertensive 
vascular disease. In our series of 50 cases occurring within the last three years, 
the group with hypertension constituted a considerable portion (66 per cent). 

The clinical course is fairly constant and is characterized by sudden onset 
with severe headache, nausea, vomiting and clouding of consciousness, followed 
within a few hours by evidences of meningeal irritation, which is not always pro- 
nounced, and by focal cerebral signs, which are inconstant and changeable. The 
condition is differentiated from other causes of meningeal irritation by the 
presence of blood in the spinal fluid and the absence of evidences of trauma, 
infective meningitis and intracerebral disease processes. 

The immediate prognosis, on the whole, is much better than for the various 
forms of intracerebral hemorrhage. However, recurrences are not uncommon. 

In the treatment, lumbar puncture is often useful in relief of rapidly increasing 
intracranial pressure and its symptoms, such as headache. The indications and 
contraindications of spinal puncture as a therapeutic measure in cases of this 
condition are discussed. 

DISCUSSION 

Dr. Philip Q. Roche: When one is determining the relationship of the 
hazard of bleeding to high blood pressure, at what point is hypertension said to 
exist? An arbitrary measure of pressure having once been set, does such a 
standard operate exclusive of other factors in producing bleeding? 

Dr. a. Gordon : I have seen a number of spontaneous subarachnoid hemor- 
rhages. The most interesting symptom to remain fixed in my memory — so much 
so that in every case which came under my observation I have looked for it and 
found it — is somnolence. I recall distinctly the case of a physician who was 
referred to me by the late Dr. J. DaCosta, with the following history : The physi- 
cian would sit in his office, see his patients and fall asleep ; he would be awakened 
and fall asleep again. The only objective symptom, in addition to the somnolence, 
was a unilateral extensor plantar reflex. That led me to the localization of the 
hemorrhage on one side of the brain. The patient was kept in bed for a while, 
and the blood was removed. While he was convalescing, deep somnolence again 
developed. A second operation was performed. 

Dr. R. a. Matthews : I should like to ask the authors what role they 
believe trauma plays in the production of this type of hemorrhage. This question 
is important from the medicolegal standpoint. 

' Dr. F. H. Lewey: It is gratifying to the pathologist that the authors stress 
the relationship between high blood pressure and subarachnoid hemorrhage rather 



■484 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


than speak in a loose fashion of congenital aneurysm. There is no doubt about 
the frequency of arteriosclerotic aneurysm, whereas the question of congenital 
aneurysm deserves serious reconsideration. Aneurysm of the type under dis- 
cussion has not been observed anywhere in the body but intacranially. Hence, it 
may be safer for the time being to look for arterial disease in cases of such an 
aneurysm than to rely on an assumption with so little foundation. 

Dr. J. C. Yaskin : With regard to the question raised by Dr. Gordon, somno- 
lence is not the outstanding symptom in my experience with perhaps ISO or 200 
cases of subarachnoid hemorrhage. The outstanding symptom is drowsiness in 
the presence of persistent severe headache. The patient, if conscious enough, will 
say, that a headache suddenly developed, as if somebody had struck him with a 
hammer on the back of the head. From then there may be moaning and som- 
nolence, which are not by any means constant. I should not like to make somno- 
lence a criterion of subarachnoid hemorrhage, for the pain and the meningeal 
signs arc the outstanding features. 

In reply to Dr. Matthews’ question regarding the relation between trauma and 
subarachnoid hemorrhage, I am convinced that I have seen cases in which “spon- 
taneous” subarachnoid hemorrhage was initiated by lifting of heavy objects. 
Trauma per se will never cause spontaneous subarachnoid hemorrhage. There 
must be the factor of preexisting vascular disease. The trauma constitutes an 
exciting or aggravating factor and must be severe to constitute such a factor. 
Often the cause is just as much a legal as a neurologic problem. 

Bilateral Thrombosis of the Posterior Calcarine Arteries with Sparing of 
Macular Vision. Du. P. Rono McDonald. 

A case of bilateral hemianopia caused by bilateral thrombosis of the calcarine 
arteries is presented. The patient had as his only complaint complete loss of 
peripheral vision. With correction vision was 6/6 in both eyes, and he read Jaeger 
test type 1 without difficulty. The results of neurologic and medical examinations 
were essentially normal. The patient had first, second and third grade fusion as 
tested on the sjmoptophorc, and optokinetic nystagmus was readily elicited in all 
directions. 

The cortical representation of vision and the vascular supply to the area 
striata are discussed. 

It is concluded that peripheral vision is not essential for stereopsis or spatial 
orientation and that optic nystagmus may be elicited even if the field is reduced 
to about degrees on either side of fixation. Apparently the performance of 
the complex visual functions are dependent on macular fixation and certain other 
associated pathways which are not closely associated with the cortical areas 
supplying peripheral vision. 

DISCUSSION 

Dr. J. C. Yaskin : The following facts in this study are of importance to the 
everyday work in clinical neurology. First, in all likelihood the macular regions 
in the occipital pole are frequently supplied by branches of the middle cerebral 
rather than branches of the posterior cerebral artery. This is important because 
it at once fixes in mind the reason that with lesions in the temporal lobe there is 
complete hemianopia, whereas with lesions of the occipital lobe there is frequently 
sparing of the macula. 

Second, the development of sudden blindness unaccompanied by any disturbances 
in the pupil or fundus occurring in an otherwise apparently healthy person need 
not mean that the condition is hysterical. I have seen cases in which a malignant 
growth with metastases in the occipital lobe was diagnosed as hysteria by com- 
petent ophthalmologists. 

Recently my associates and I had a patient m our service who was totally 
blind for two and a half weeks but who regained his sight and then exhibited 
homonymous hemianopia. It appears that in some cases lesions in the region of 
the posterior cerebral artery or of the basilar artery may give rise first , to 
complete blindness and later to hemianopic cuts. 
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Cortical Premotor and “Postmotor” Foci Which Influence the Gastro- 
intestinal Tract and Their Efferent Pathways. De. E. A. Spiegel, 
De. M. J. Oppenheimer and Dr. K. R. Weston, Allentown, Pa. 

In the dog the gastrointestinal tract may be influenced not only from the 
premotor area of the brain (Brodmann’s area 6), as demonstrated by Fulton and 
his school, but from a second focus in a “postmotor” region (areas 5 or 3). Reac- 
tions of the gastrointestinal tract may be obtained in some animals only from one 
of these areas (either the premotor or the postmotor) ; in other animals this 
system can be influenced from both foci. Simultaneous records from the stomach, 
the small intestine and the colon showed that the whole gastrointestinal tract may 
receive impulses from the premotor as well as from the postmotor area. The 
effect may be synergic in all parts of the gastrointestinal system, or increase of 
activity in one part (e. g., the small intestine) may be associated with inhibition 
in other parts (e. g., the stomach and colon) of the gastrointestinal system. Some- 
times, however, the effect is restricted to a limited part of this system. The 
variability of the effects obtained by stimulation of a certain focus seems at least 
partly due to peripheral factors, such as the degree of distention of the smooth 
muscle. 

In a second series of experiments, circumscribed chronic lesions were placed in 
the postmotor area, and the descending pathways were studied by the Marchi 
method. After such lesions were placed, particularly in area 5-b, degenerating 
fibers could be traced through the internal capsule and then into the cerebral 
peduncle and were also well demonstrable in the pyramidal tract in the rostral 
part of the pons. The pyramidal tract in the medulla oblongata, as well as the 
lateral column of the cord, contained distinctly fewer degenerating fibers. This 
suggests that a part of the degenerating fibers observed in the cerebral peduncle 
conduct impulses to rhombencephalic nuclei. This interpretation is supported by 
the fact that some degenerating fibers coursing in a ventrodorsal direction could be 
seen in the cranial part of the pons dorsomedial to the pyramidal tract. The 
further course of these fibers could not be traced, probably because they lost their 
myelin sheaths after entering the tegmentum pontis. In his monograph on the 
centers of the autonomic nervous system, one of us (Spiegel) called attention to 
the close topographic relationship existing between cortical areas from which 
various internal organs can be influenced and the foci from which the adjacent 
skeletal muscles can be excited. This topographic relationship led him to the 
assumption that corticofugal impulses to autonomic structures may be conducted 
at least partly by fibers joining the pyramidal system, and partly by extrapyramidal 
tracts. In the present study, degenerating fibers originating in cytoarchitectonic 
areas from which the gastrointestinal system may be influenced were traced into 
the pyramidal tract. Thus, the anatomic basis has been furnished for a pyramidal 
conduction of corticofugal impulses from such cortical foci influencing a viscus 
which lie definitely outside the motor area proper. Further studies will have to 
ascertain to what extent corticofugal impulses to the gastrointestinal tract use 
extrapyramidal tracts and to what extent they use the pyramidal fibers demon- 
strated in this study. 

DISCUSSION 

Dr. M. T. Moore: May I ask Dr. Spiegel whether any of these animals 
were operated on without general anesthesia, and, if so, was there any expression 
of pain at the time gastrointestinal activity was evoked by cortical stimulation? 

Dr. a. Gordon ; In connection w'ith this work of Dr. Spiegel and his associates, 
I wish to state that the work of many physiologists, such as Schiff, Rokitansky, 
Claude Bernard and Brown-Sequard, on the relation of the central nervous system 
to diseases of the gastrointestinal tract, particularly with regard to ulceration and 
perforation, was undertaken a long time ago. Cushing operated on various areas 
of the brain — the frontal lobe, the occipital region and the base. He reported that 
in many cases he observed ulceration of the stomach at autopsjL Brown-Sequard 
cauterized the cortex and later noted perforation of the stomach and the upper 
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part of the duodenum. Beattie, I believe, stimulated the tuber and accelerated 
the rate of digestion resulting in ulcer of the stomach. 

All these experiments on various areas of the brain, from one polq of the 
brain to the other, and on the hypothalamus also show there is a relationship 
between the central nervous system and the condition of the gastrointestinal tract. 
This work of Dr. Spiegel and his associates is exceedingly important, and indeed 
valuable. 

Cushing advised strongly in every case of a pathologic condition of the brain, 
before operative procedures were undertaken, that the condition of the gastro- 
intestinal tract be examined. 

How can such a relationship be explained? The consensus of the investigators 
tliat I have mentioned is that effect is through the hypothalamus, and from the 
hj’^pothalamus directly on the vagus nerve; indeed, c.xperiments have been carried 
out in which stimulation of the vagus nerve produced ulceration. 

I do not know what Dr. Spiegel’s opinion is in regard to that question. 
I should like him to state whether he believes, too, that the center for gastro- 
intestinal activity is really in the hypothalamic region. I recall some experiments 
not long ago on the peripheral nervous system and the upper part of the medulla 
in which similar conditions were observed in the stomach and the upper part of 
the small intestine. 

Dr. E. a. Spiegel ; Dr. Moore brought up an interesting question. It has been 
observed that abdominal pain maj' occur sometimes in patients with disease of 
the parietal lobe. It is not improbable that abdominal pain in such diseases is 
due to intestinal spasm elicited bj’ stimulation of corresponding areas. But I 
cannot give definite proof for such an assumption, since our animals either were 
under anesthesia induced with morphine and chloralose (a compound of chloral 
h3’drate and dextrose) or were curarized. Our records show only that reactions 
of the smooth muscle of the intestinal tract occur on stimulation of the areas 
indicated and that tliese reactions ma}' sometimes be accompanied by changes in 
respiration. 

Various problems are involved in Dr. Gordon’s remarks. I am a little skeptical 
about the relationship between lesions of tlie various parts of the central nenous 
s3'stem and gastric ulcer. So-called ulcers have been produced from so man3' 
parts of the central nervous S 3 'Stem that it is difficult to see which part reall 3 ’ has 
an effect. What the various investigators produced was usually acute erosion, and 
not a real ulcer corresponding to the chronic ulcer in man. I do not deny that 
in the production of ulcer of the stomach in man some neurogenic factor is 
involved. The nervous system may play an important role in the pathogenesis of 
the ulcer, but I am skeptical about the interpretation of some observations which 
tend to show that a specific area of the brain is responsible for the genesis of 
ulcer of the stomach in man. 

I do not deny that the hypothalamus has an influence on gastrointestinal 
motility. That has been shown by a great many investigators, but I think that 
the conduction of corticofugal impulses to the vegetative S3'^stem is only partly 
by way of the hypothalamus. In other words, two groups of corticofugal path- 
ways must be distinguished: one conducting by way of the h3"pothalamus and one 
conducting outside the h3’'pothalamus. 

In accordance with the theory outlined in my monograph, Wang and Lu found 
that one can destroy the hypothalamus and still get a reaction of the sweat glands 
on stimulation of the cortex. In experiments with Dr. Hunsicker I observed 
reactions of the bladder and the vasomotor centers on cortical stimulation after 
cutting the chief efferent fibers of the hypothalamus. While Kabat, ilagoun and 
Ranson only occasionally obtained reactions of the bladder on stimulation of the 
internal capsule, probably owing to the pentobarbital anesthesia used, Langworthy 
and Kolb noticed a rise in vesical pressure on stimulation of the internal capsule, 
the cerebral peduncle and the pyramidal tract in the oblongata, and Lang\vorthy 
and Richter obtained an increase of activity of the sweat glands from stimulation 
of the corticospinal and the rubrospinal tract. 
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Encephalography, By E. Graeme Robertson. Price $5. Pp. 105, with 68 

illustrations. Melbourne, Australia, and London: MacMillan & Co., Ltd.; 

New York: G. E. Stechert & Company, 1941. 

The book consists of ten chapters and. is 105 pages in length. Chapter 1 is 
devoted to the introduction, and in it is recorded the case reported by Luckett in 
1913, in which the ventricles were filled with air after a fracture of the skull. 
Then the early reports on ventriculography and encephalography by Dandy are 
recorded in extcnso. 

Chapter 2 is devoted to the technics of encephalography and is divided into 
three parts: (1) the recognition of suitable indications; (2) the efficient conduct 
of the actual procedure, and (3) the interpretation of the results. The author 
mentions the usual indications and contraindications for the procedure. In figure 
5a the author shows the roentgenogram being made with an assistant holding 
the casette. The assistant is entirely unprotected from the roentgen rays, and 
this practice must be condemned. The roentgenographic technic as described by 
the author utilizes a number of unorthodox positions and appears laborious, 
inasmuch as he states that taking the encephalogram requires from sixty to ninety 
minutes. Lateral stereoscopic views are obtained only with the patient in the 
horizontal position ; these are not sufficient, in the reviewer’s opinion, for proper 
roentgenographic study. 

Chapter 3 is devoted to the technical results and is based on the analysis of 
208 cases. In 7 cases the air did not enter the ventricles. The patients had the 
usual reactions, and the author believes that the procedure has no therapeutic 
value. Three patients in the series died. One of them had an astrocytoma of the 
right temporal lobe and another an aneurysm of the middle cerebral artery. It 
was not thought, however, that encephalography was responsible for the patient’s 
death. No diagnosis was made in the third case. 

Chapter 4 is devoted to the route taken by the air and the anatomic con- 
siderations. The distribution of the air in the intracranial cavity and how it is 
affected by alterations in the position of the patient’s head are fully described 
and portrayed in the accompanying illustrations. 

Chapter, 5 is devoted to a study of the fourth ventricle. The author first 
describes the anatomy of this cavity and its relation to the brain stem and the 
cerebellum and then its appearance as seen in the pneumencephalogram with the 
patient’s head in various positions. 

In chapter 6 the aqueduct of Sylvius is described, first anatomically and then 
as it appears in the roentgenogram. A case of stenosis of the aqueduct is 
reported, and from the appearance of the calcium shadow in figure 38a it is likely 
that the lesion was due to toxoplasmic encephalitis. 

The third ventricle and its encephalographic anatomy are considered in chapter 
7. A number of illustrations of the third ventricle as seen in various views of 
the head accompany this chapter. The lateral ventricles are then considered, 
and the various portions of these cavities are described, primarily as they appear 
in the pneumencephalogram. The distortion of the ventricular system as produced 
by tumors of the cerebral hemisphere is then discussed. The author properly 
calls attention to the fact that in a small percentage of cases an intracranial tumor 
may exist without recognizable deformity of the ventricular system. Post- 
traumatic conditions are discussed, such as subdural hematoma and enlargement 
of the lateral ventricles. A small section is devoted to the size of the ventricles. 
Under the heading of epilepsy, the author points out that frequently the lateral 
ventricles are asymmetric. Then follows a discussion of degenerative, atrophic 
and aplastic lesions of the brain, as visualized in the encephalogram, together 
with the etiology of these changes in the brain. 
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Chapter 9 is devoted to the presence of air in extraventricular positions. The 
appearance of gas in the subarachnoid space, first over the cerebellum and later 
in the various basal cisterns, is discussed. Lastl}--, the gas in the subdural space 
is described as it is seen beneath the tetiforium and over the cerebral hemispheres. 

It is the belief of the reviewer that the author has covered too rrmch subject 
matter in this small edition. Another criticism is that the figures, practically 
without exception, have been retouched too much. 

The monograph, for the most part, is well illustrated , and contains a sound 
description of pneumencephalography and its uses. 

A Text-Book of Neuro-Anatomy. Third Edition. By A. T. Kuntz, Ph.D., 
AI.D. Price $6. Pp. 518, with 317 illustrations. Philadelphia: Lea & 
Febiger, 1942. ' 

The third edition of this text is, like the previous ones, written for the use 
of the medical student. The outstanding feature of the book is simplicit}’ and 
clearness of presentation. The didactic point of view is always stressed, and 
each chapter is concluded with a summary. The danger that a student might 
give more attention to the summary than to the preceding," more elaborate pres- 
entation is counterbalanced by the advantage that is gained by the stressing of 
important factors and the subordinating of details. 

In the first two chapters, which show no changes as compared with previous 
editions, the author succeeds in describing in thirty-nine pages the evolution, 
comparative anatomy and ontogenesis of the nervous system in an exceedingly clear, 
simple and, at the same time, comprehensive manner. These chapters are followed 
by a short description of the gross anatomy of the central nervous system. Here 
the author breaks away from the traditional manner of initiating tho study of 
the nervous system with the microscopic elements and the neuron theory. His 
method is more in line with modern pedagogic methods, stressing the whole and 
the Gestalt. Subsequentlj-, however, the histogenesis, tlie neuron and the inter- 
stitial tissues are described, although in a not very detailed manner. Discussion 
of the reflex and correlation mechanisms in the spinal cord and brain stem 
precedes the description of the long conduction pathways, which are presented 
in their functional relationships. 

The diencephalon and the thalamic connections are discussed in greater detail 
here than in the previous editions. 

In the chapter on functions of the cerebral cortex the author attempts to give 
a summary of the present knowledge of aphasia, a discussion of which hardly 
belongs in a textbook of neuroanatomy for medical students. The presentation 
is necessarily schematized and must be confusing to those who lack clinical 
knowledge and experience. 

As in the previous editions, the illustrations are not up to modern standards. 
A large percentage are taken from various sources. Many . of the diagrams are 
overcrowded and difficult to follow at the magnification given. The usefulness of 
this otherwise truly valuable, and in many respects original, book could be 
increased by the adoption of more modern illustrative technics. 

Mental Illness: A Guide for the Family. E. M. Stern and S. W. Hamilton. 
Price §1. Pp. 152. New York: The Commonwealth Fund, 1942. 

This little book is written for the sake of the families of patients afflicted with 
mental disease. It consists of a brief account of the phenomena of mental disease, 
the methods of diagnosis, the legal procedures involved and a discussion of hos- 
pitalization as seen by the family. Relatives are urged to make representations to 
the officials in charge of the hospital in case of apparent neglect or abuse and to 
join local and national organizations for the furtlierance of mental hygiene. Useful 
tables giving information concerning the local provisions for the mentally ill in 
various states are presented. 

Copies of the book may be purchased in quantities at low cost for distribution 
to relatives by institutions. 
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In an investigation of grouping behavior in patients with cerebral 
lesions and in normal persons, Halstead ^ found both quantitative and 
qualitative deviations from the normal in the performances of certain 
patients wdth cerebral injury. It was found, for example, that patients 
with a primary lesion in either the right or the left frontal lobe ( 1 ) 
employed fewer objects “spontaneously” from a field of 62 test objects 
in response to the instruction to place those together wdiich “seem to 
belong together”; (2) recalled fewer objects after an interval of five 
minutes; (3) manifested little or no differential recall of grouped as 
opposed to ungrouped objects; (4) produced a smaller total number of 
groups, and (5) deviated characteristically in the distribution of the 
types of groups created, as determined by an adaptation of Kliiver’s 
method of equivalent and nonequivalent stimuli. This work, based on 
neurosurgical cases, seemed to indicate that various organizing prin- 
ciples, such as “shape,” “size” and “color,” employed in dealing with 
multiple objects or events may be rendered differentially available by 
damage to the brain. 

In the present investigation further analysis has been made of 
giouping behavior in normal subjects and in persons with injur)'’ to the 
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brain. The test .situation in this investigation differed in certain 
essentials from that previously employed by Halstead : ( 1 ) Geometric 
figures were used in place of actual objects; (2) the test figures were 
presented seriall)'^ to the subject by means of a special apparatus, and 
(3) the subjects worked with a knowledge of their “successes” and 
“failures” (since the apparatus was set to respond to “correct” choices 
only). 

APPARATUS, TEST MATERIALS AND PROCEDURES 


Apparatus . — The apparatus consisted essentially of an electrically controlled 
exposure device for serial presentation of groups of two dimensional test figures 
and an associated keyboard providing a multiple response situation for the subject. 
Each correct response of the subject automatically resulted in the presentation 
of another set of test figures by the apparatus. 

The test figures for each test employed were prepared on a separate strip of 
white holland cloth, which in operation was attached to the outer circumference 
of a metal drum. An electrical escapement mechanism, controlled by a bank of 


four switches located below' a viewing window, activated the drum in stepw'isc 
fashion about its horizontal axis. A limiting aperture and the view'ing window 
placed before the drum restricted the field to the test figures of a single item for 
any given position of the drum. As brought to sharp focus by a 2.5 power 
reading lens, the test figures averaged approximately 3 by 3 degrees of visual 
angle bidimensionally fo'*y)e subject. 

Incorp.^ratcd in the f^(/^ratus was a stylograph, with five signal magnets. 
One signal magnet cony.jtf/fyided to each release switch, and each magnet regis- 
tered a signal every tijp/. Ac corresponding switch was throw'n, regardless of 


whether or not the s^ 


r-'X 


was in the effective tripping circuit at the moment. 
The fifth signal magnj' ' /istered a signal every time the release mechanism was 
activated. The st 3 ’l/^«gph i)apcr, driven by a synchronous motor, provided a 
graphic record of the operation of every sw'itch, tlic order in which the sw'itches 
were operated, the “correctness” of the response and the partial and total time 
intervals involved. 


7'cst Matcrials.~ln devising the test materials our general purpose was to 
present groups of test figures that would normally be dealt w'ith spontaneously 
in terms of certain categories or organizing principles. 

A photograph of the test figures comprising the 9 tests, adopted as a standard 
series after considerable preliminary w'ork w'ith normal subjects and a number of 
subjects with cerebral lesions is presented in figure 1. The following 'brief 
description of the various tests requires frequent reference to figure 1. 

'I'est 1 . Roman Numerals : This test is intended to serve primarily as a 

practice test which would make it possible to keep verbal instructions at a mini- 
mum. Each Roman numeral of test ] corresponds to the number of the key 
which operates the machine for that trial. For example, in the first item of 
test 1 the Roman numeral I can be seen through the viewing aperture. The 
“correct” response of the subject consists in throw'ing the sw'itch w’hich is labeled 
1. When this is done the second item of test 1, the Roman numeral III, is 
exposed. When the subject operates the switch labeled III, the mechanism is 
tripped and the next item is exposed, etc. The four switches are labeled from 
the left to the right, with switch I placed at the subject’s left as he views the 
test items. 
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Test 2. — Number of Objects : In general, an effective cue to the “correct” 
key is provided by the number of objects or signs present in any given test item. 
For example, the four manikins in the eighteenth test item indicate that the 
fourth key is to be pressed, and the three plus signs opposite number 28, in the 
left column, indicate the third key. (The interpretation of figure 1 will be clearer 
if it is remembered that the key indicated by any given Roman numeral of test 1 
is also the correct key for all presentation items on the same horizontal line ; 



Fig. 1. — Photograph of test figures, reduction X 5. The 40 items of each 
numbered vertical column constitute an individual test. Each item was exposed 
separately (see text). The correct key or switch (of four) on the multiple choice 
apparatus corresponding with the items of each of the 9 tests (i. e., the horizontal 
rows above) also corresponds with the Roman numeral test figures of test 1. 

that is, the same key corresponds to all test items opposite any given arabic 
numeral. Hereafter we shall refer to the test items by number; e. g., the letters 
SO in test 2 will be referred to as item 16, test 2.) Items 37, 38, 39 and 40 in 
test 2 were composed of red and black lines in the original test material. It was 
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intended that the number of black lines in any one of the arrow-like figures 
should serve as an effective cue — two black lines ; the second key, etc. 

Tests 3 and 4. — Oddity; These tests may be designated as oddity tests. One 
of the four figures in each presentation space differs from the three others in a 
certain characteristic, and the position of the odd figure gives the clue as to the 
correct key. Oddity always occurs in one of four characteristics: solid outline 
(items 1 to 4, 17 to 20, 33 and 37 in test 3, and items 1 to 3, 13, 17, 21 to 23, 33 
and 37 in test 4) ; shape (items 5 to 8, 21 to 24, 34 and 38 in test 3, and items 
4 to 6, 14, 18, 24 to 26, 34 and 28 in test 4) ; color - (items 9 to 12, 25 to 28, 
35 and 39 in test 3, and items 7 to 9, 15, 19, 27 to 29, 35 and 39 in test 4), 
and size (items 13 to 16, 29 to 32, 36 and 40 in test 3, and items 10 to 12, 16, 
20, 30 to 32, 36 and 40 in te.st 4). 

The items of these two tests are graded in difficulty. The odd figure in the 
items of the first part of test 3 is perceptually striking. As one proceeds through 
the latter part of test 3 and then through test 4 the perceptual prominence of the 
odd figure diminishes, and for continued correct responses this test seems to 
demand a shift toward a logical-verbal procedure in discovering the odd figure. 
Perceptual odditj' is progressively obscured in successive exposures during these 
two tests by the introduction of additional characteristics. If one considers the 
first 16 items of test 3, one finds that if oddity is present in the solid outline 
characteristic, the figures arc all alike in color, size and shape; if oddity occurs 
in the shape characteristic, the figures arc all alike in color and size and arc all 
solid, etc. Items 17 to 40 in test 3 all contain one additional feature; i. c., if 
oddity is present in the shape characteristic, there are differences in the figures 
in one of the other characteristics (c. g., color, items 21 to 24 ; size, item 34) ; if 
oddity occurs in the size characteristic, differences exist among the figures in 
respect to color, shape or solid outline. In the first part of test 4, additional 
differences are present in two features, and in the last part of test 4 all four 
variables are represented in each item, but true oddity occurs in onlj' one. 

Tests 5 and 6. — Quadrant: Each figure includes a characteristic which sig- 
nifies or points to one of the four possible quadrants. The quadrants are arbi- 
trarily numbered in a clockwise direction, beginning with no. 1 at the upper left. 
In order successfully to complete the.se tests the subject must grasp the principle 
of quadrantic arrangement and must further associate each of the four quadrants 
with one of the four keys. The quadrant arbitrarily numbered I corresponds 
to the first key; the quadrant number II corresponds to the second key, etc. 

The cue embodied in the items of tests 5 and 6 is quite unmistakable, except 
in items 29 to 32, test 5, and figures 10 to 13 and 26 to 29, test 6. The central 
disk and three of the radiating lines in items 29 to 32, test 5, are green, whereas 
the fourth radiating line is black. The fourth black line indicates the significant 
quadrant. The correct cue is obtained from items 10 to 13, test 6, by regarding 
the fourth offset square as being situated in one of the four quadrants. Items 
26 to 29, test 6, contain three green disks and one black disk. The color differ- 
ence is not well represented in figure 1, although the reader can infer the position 
of the black disk from the knowledge that its position indicates the significant 
quadrant. 

2. The colors used in the original test materials (black, red, green, blue and 
orange) are reproduced as shades of gray in figure 2. By knowing which key 
is the correct one for each of the items in tests 2 and 3 (compare test 1) sig- 
nificant color differences in specific figures may be inferred. 
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Tests 7 and 8. — Part-Whole: Key I is indicated ii one fourth of the figure, 
or of the number of lines, is composed of solid lines, the remainder consisting of 
dotted lines. If one half is in solid lines, key II is indicated; if three fourths is 
solid, key III is indicated, and if the entire figure (or all the lines) is solid, 
key IV is correct. 

Test 9. — Recognition : The final test was made up of a selection of items 
taken from tests 2 to 8. The material in test 9 is identical with or similar to 
corresponding items in the other tests. 

Procedure . — The procedure consisted essentially of securing “spontaneous” 
responses of the subject to the 40 test items in each of the 9 tests described in 
the foregoing section. Each test was presented separately and in numerical 
sequence from test 1 through test 9. 

The subject was seated in front of the apparatus, the height of which was 
then adjusted to permit full and clear' vision of the presentation material. With 
item I of test 1 present in the viewing aperture, brief instructions were given : 

“You have seen switches like this before. They are ordinary light switches 
[examiner turns the four switches on and off in succession]. The machine isn’t 
running now; so nothing happens when I turn on the switches. Now I turn on 
the machine. Now, if you press the correct key, this figure which you see 
[examiner points to viewing window] will disappear, and something else will 
take its place. Then, again, if you press the correct key, there will be another 
change, and so on. Each time, only one of the four keys will make it move. 
If you press any of the three wrong keys, nothing will happen ; so you will know 
whether or not you were right. Now, what you see in here always tells you 
somehow which key is the right one. It gives you a clue or a hint, and what I 
want you to do is to try to discover the nature of that clue or hint. If you 
discover it, you will be able to press the right key every time — to make the figure 
move every time you press a key. You can take all the time you want. The 
object is to press' the right key as often as possible.” 

In giving these instructions, an effort was made to suit the language of the 
instructions to the subject. Questions coming from the subject were answered 
insofar as they bore on the foregoing instructions. Frequently the subject asked 
whether the number I that he saw meant that he should press a certain key, and 
then he was told that that was exactly what we wanted him to determine. Sub- 
jects were allowed to continue unaided in their solutions .of the tests, within the 
time limit set by the experimenter. Whenever the experimenter undertook to 
aid the subject, he proceeded by giving at first vague hints and by making more 
and more obvious suggestions as the subject’s performance failed to improve. 
A careful record was kept of all helps which were given. In some cases the 
conversation between the experimenter and the subject, during part or all of an 
experimental session, was recorded on a phonograph. Whenever this was done, 
the subject was encouraged to verbalize freely. 

SUBJECTS 

Normal Control Subjects . — The results obtained with a group of 10 normal 
subjects form the basis for the graphic presentation of results for normal persons 
as indicated in figures 3 to 8. This group was heterogeneous as to age, sex, 
educational background and socioeconomic status. All control subjects were in 
good general health at the time thej'^ were tested and were selected primarily 
from the standpoint of availability. 
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Expcriinoital Subjects (neurosurgical patients). — Tlic results obtained on 6 
neurosurgical patients from tbe series previously reported by Halstead consti- 
tute the basis for the graphs of individual performances in figures 3 to 8. Before 
these results are considered, attention should be directed to the following facts 
concerning the experimental subjects: These operative patients represented unusu- 
ally “good” or “successful” recoveries. Each patient presented only minimal local 
signs (if any) of the neurologic lesion each had resumed gainful occupation or 
studies (in 2 instances at the college level) or preparations to that end. Each 
patient was in excellent general health at the time of testing. (The limits of 
formal intelligence were established after operation by means of one or more 
standard intelligence tests.) Excellent rapport during the tests had developed 
over a period of months or years, during which each subject had cooperated 
voluntarily with this laboratory in studies involving a wide range of behavior 
functions. 

Diagrams indicating the minimal cerebral lesions for each of the 6 experi- 
mental subjects (subjects 1, 6 10, 19, 22 and 25) arc presented in figure 2. The 
diagrams were prepared in the manner previously described by Halstead.’ ■’ 


KKSULTS 

The number of errors made on the first attempt in each of the 9 
tests provides a quantitative basis of comparison between the perform- 
ances of the experimental subjects and those of the normal control 
group. Because of the relatively low variability in the performances of 
the normal subjects, the average performance of the group on each of 
the 9 tests has been taken as a point of reference in presenting individual 
profiles of the experimental subjects. 

Norvml Subjects . — All the 10 control subjects “spontaneously'’ dis- 
covered the solution in all 9 of the standard tests (fig. 2) during the 
first trial. This was true in spite of the fact that none of these subjects 
received aid or suggestions on any of the items and that the concepts 
•employed by the subjects in solving some of the tests needed to be 
progressively refined or broadened to permit continued successful 
responses. Deviations from subject to subject in approach to the tests 
tended to be minor in character with reference to the total results and 
need not be examined here in detail. 

Experimental Subjects (neurosurgical patients). — The 6 subjects 
who had undergone operation were from the series reported previously 
by one of us (Halstead In the interest of continuity the same case 
numbers (1, 6, 10, 19, 22 and 25) are employed here. 

Subject 1. — An American-born man aged 48, a salesman, entered the Univer- 
sity of Chicago Clinics on Sept. 4, 1935 with a history of severe headaches, occa- 
sional vomiting, blurred vision and loss of weight. Operation, performed on 
September 17 by Dr. Percival Bailey, involved partial extirpation of the left 
prefrontal lobe for removal of a meningioma of the olfactory groove. Recovery 
was uneventful; the patient was discharged from the hospital on September 28. 
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The postoperative intelligence quotient was 110 (Stanford-Binet). The patient 
was strongly “right handed.” Postoperative social adjustment included phenomenal 
“success” as a salesman. 

In figure 3 the number of errors made by subject 1 on the first trial of each 
of the tests (completed by him) is shown graphically. The solid horizontal black 
line indicates the average score on each test made by the group of normal subjects; 
the vertical lines indicate the average variations in the normal group for the 
9 tests. 



Fig. 2. — Diagrams indicating the approximate lesion (in its lateral aspect) of 
each of the experimental subjects. These diagrams were prepared by the method 
described by Halstead.^'^ Lesions in the left hemisphere are indicated by the case 
number in the upper left corner of each diagram; lesions in the right hemisphere, 
by the case number in the upper right corner. 

Quantitatively, the most striking feature of the performances of subject 1 is 
the fact that, with the exception of test 3, all of his scores fell outside the limits 
of the normal group. (His performance on test 3 indicates, however, that he 
could manifest a normal grasp of the task imposed by that test.) He encountered 
considerable difficulty at the outset with test 1. He appeared to grasp the 
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instructions ; he selected one key after another after deliberate study of the 
particular figure in the window and yet did not grasp at once the fact of simple 
and never failing correspondence of identity between the number appearing as the 
figure in the window and the number of the “correct” key. During the first half 
of the test he appeared to have adopted an attitude of “trial and error” searching 
and yet gave no evidence that such experience could subsequently be utilized in 
solution of the general problem. This attitude was common to the normal sub- 
jects, but experience with one or two items was usually sufficient for the principle 
of “identical number” to emerge. After a scries of errors in test 1, the subject 
(S) complained that the experimenter (E) was expecting “quite a bit” from some 
one who had been out of school a long time. The following conversation then 
ensued ; 

E : “When you get on to it you will be surprised how simple it really is.” 

S (looking at the figure in the window of the apparatus).; “Well, now. 
there is number R'', but it wouldn’t be the fourth key.” 
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Fig. 3. — Graph indicating the performance of subject 1 (lesion in the left frontal 
lobe), showing the number of errors (black dots) made on the first trial on 6 of 
the 9 tests. The average performance of the normal control subjects in each of 
the tests is indicated by the profile in the lower portion of the figure (heavy black 
line). The average deviation of the normal subjects in each test is indicated by 
the limits of the shaded area. 


E: “Why wouldn’t it be the fourth key?” 

S: “I tried that system before, but it didn’t work.” 

Subject 1 thereupon tried key IV, which proved to be “correct.” He then 
completed test 1 without further errors. 

Soon after commencing test 5 subject 1 announced that he had discovered the 
solution— “the number that is missing.” He used this clue successfully as long 
as there were three numbers and a fourth number was missing, i. e., until he 
came to the seventh item, which did not include any numbers and hence was not 
characterized by a missing number. It did not seem to occur to him that there 
was any kind of continuity between the first six items and the succeeding ones. 
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The aid ofifered by the examiner was at first confined to the repeated assertion 
that a single principle would apply to and permit the solution of all the items in 
the test. The subject continued to make errors, however, and the experi- 
menter finally suggested the quadrant principle to him. From the nature of fur- 
ther errors made by subject 1, it was apparent that he was proceeding on the 
assumption that both the upper and the lower pair of quadrants should be num- 
bered from left to right. He expressed the view, when questioned, that any 
other number arrangement would be wrong. Since his expressed conviction was 
so strong as to make it improbable that he would spontaneously entertain any 
other possibilities, the clockwise manner of numbering was specifically explained 
to him. He finally grasped the correct principle and then proceeded to utilize 
it as effectivel}’' as any other subject throughout the remainder of the test. 

At the conclusion of test 6, subject 1 declined to continue with the remaining 
tests. The only reason that he would offer was ; “That machine’s got me buffa- 
loed." Attempts made subsequently to get him to complete the tests drew the 
same answer. It is of interest that this test situation and the Rorschach situation 
provided the only 2 instances of refusal of a test situation out of several hundred 
hours of studj' of subject 1 during the past five years. 

Subject 6. — An American-born man aged SI, of Irish descent, a traffic police- 
man, entered the University of Chicago Clinics on June 17, 1936 with a history 
of severe headaches, spells of dizziness and unsteadiness for the past four months 
and progressive failure of memory. Operation, performed on June 17 by Dr. 
Paul C. Bucy, involved partial extirpation of the left prefrontal lobe for removal 
of benign glioma of the septum pellucidum. Recovery was uneventful, and the 
patient was discharged from the hospital on July 20. The postoperative intelli- 
gence quotient was 105 (Stanford-Binet). The patient is strongly “right handed.” 
He is a retired bachelor with a modest but comfortable income from his savings 
and pension. He spends his time “enjoying life” in conventional ways. 

Subject 6 began test 1 (fig. 4) by systematically operating the keys in the 
order; 1, 2, 3, 4; 1, 2, 3, 4, etc. His statement of the solution of the test was, 
“It goes in a rotating fashion,” and he seemed to feel that he had accomplished 
what was expected of him. The experimenter then emphasized that the subject 
was to try to make the machine trip every time he pressed a key. The subject 
seemed at first unable to do this, but after being questioned item by item by the 
experimenter in terms of “What do you see? Now which key are you going to 
press?” he grasped the solution and was able to utilize it without further errors. 
In test 2 subject 6 encountered no particular difficulty until he reached item 30, 
the three hearts and an arrow. Then he leaned back in his chair and studied the 
figure. He seemed unwilling to proceed. The following conversation ensued : 

E; “What do you have there?” 

S : “Three hearts.” 

E; “Is that all?” 

S : “No ; there’s a string through them.” 

E; “Oh, three hearts and a string?” 

S: “Yes.” 

E: “Well, could that be four things then?” 

S : “Yes. Well, I suppose it’s this key there” (subject chooses key IV, the 
“correct” key). 

Subject 6 was then able to count the heart and the arrow in item 31 as two 
figures and to respond on that basis. On reaching item 37, the subject again 
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appeared unwilling to proceed further, complaining that he knew of no way to 
deal with the figure. It was then pointed out that the arrow-like figure could 
be regarded as composed of nine individual lines, that some of these lines were 
black and some were red and that it was possible to count separately the number 
of black and the number of red lines. Then, during the subject’s effort with 
items 37 to 40, he was asked for each item: “How many black lines? Then 
which key are you going to press?” The “coaching" seemed to enable the sub- 
ject to grasp the solution of the arrow-like figures. 

In test 5 (quadrant) subject 6 encountered considerable difficulty. When the 
experimenter realized that the subject did not grasp the quadrant principle, be 



Fjg. 4 . — Graph indicating the performance of subject 6 (lesion in the left 
frontal lobe), showing the number of errors (black dots) made on the first trial 
in 6 of the 9 tests. The profile in the lower portion of the figure represents 
normal variation in each test and is the same as that in figure 3. 


called it to the latter’s attention. This did not improve the subject’s performance, 
however. Finally the examiner prepared a diagram, a square divided into four 
parts, with Roman numerals in each quadrant. The diagram and its relation to 
the tests were explained. The subject was then able to solve the next few items 
with the aid of the diagram; when each new item appeared, he consulted the 
diagram and then chose the correct key. . Next he was encouraged to attempt 
the solution without the diagram, which he was unable to do. As a last help, the 
examiner spoke to the subject as follows: “Can you imagine the window [pointing 
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to the viewing window] to be divided into four parts? Now can you imagine the 
number I to l)c here in the upper left, the number II in the upper right, the number 
III in the lower right and the number IV in the lower left?” At this point subjeef 6 
seemed to grasp tlic principle and then completed the remaining items of test 5 
without error. 

As in the case of subject 1, test 6 (quadrant) was the last in the series to be 
completed by subject 6. He insisted that the tests were too difficult and strongly 
urged that he not be asked to do more of them. 

Subject 10. — An American-born woman aged 31, a housewife, entered the 
University of Chicago Clinics on July 24, 1939 with a history of severe throbbin 
headaches and numbness and tingling of the upper and lower extremities durin 
the past si.x months. Operation, performed on July 29 by Dr. A. Earl Walker, 
involved partial extirpation of the right prefrontal lobe for removal of a cerebral 
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Fig. 5. — Graph indicating the performance of subject 10 (lesion in the right 
frontal lobe), showing the number of errors (black dots) made on the first trial 
in 6 of the 9 tests. The profile in the lower portion of the figure represents 
normal variation in each test and is the same as that in figure 3. 


aneurysm. Recovery was uneventful, and the patient was discharged from the 
hospital on August 15. The preoperative intelligence quotient was 120 (Stanford- 
Binet), and the postoperative quotient Avas 124 ( Stanford-Binet L). The patient 
is strongly “left handed.” She manages a home with two children and a partially 
invalided husband, much as she did prior to her operation. 

The general approach of subject 10 to the test situation in terms of prompt 
grasp of the instructions, general attitude and general mode of procedure in the first 
part of the series of tests could not be distinguished from that of the normal 
subjects. In test 5 (quadrant), however, she encountered considerable difficulty 
(fig. 5), making a total of 23 errors, as compared with the average of 3 errors 


to tc 



500 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


made by the normal subjects. In spite of the fact tiiat the principle of the test 
was explained to her by means of a diagram, her performance did not materially 
improve. 

On test 6 (quadrant) subject 10 made twice as many errors as the average 
normal subject in spite of the fact that the quadrant principle had been explained 
in test 5. The general nature of subject lO’s performance maj' be illustrated with 
reference to items 18 to 20. These items, each composed of three dots of decreasing 
size, were normally usually envisaged as pointing in the direction of one of the 
quadrants made effective in the preceding items. Some of the normal subjects 
were uncertain, on first encountering these items, as to which of two diagonally 
opposite quadrants the dots might indicate, but all of the normal subjects were 
able to discover the correct solution in a short time and without aid. Subject 10, 
on the other hand, was at first unable to think of any way of dealing with these 
figures. Item 18 was resolved after trial and error had eliminated all keys but 
the correct one, but no possible explanation occurred to the subject. On item 19, the 
experimenter ventured to help to the extent of asking the subject how the item 
differed from the previous one. The fact that the subject was able to say, “They’re 
the same, but reversed” did not suggest to her an interpretation in terms of 
the quadrant principle. The first hypothesis that suggested itself to the subject 
came when she was attempting to deal with item 19. She suggested that it might 
be key IV because “the large dot could contain four small ones.” 

When the subject showed no sign of discovering the solution by the time item 21 
was reached, the e.xperimenter undertook to offer help. This conversation took 
place ; 

E: “Before this you worked on the idea of four corners.” 

S ; “Yes, but here I don’t have four corners.” 

E: “Could you consider that they point in a certain direction?” 

S: “Yes.” 

The subject then chose the correct kcj' and said, “They work out when you 
consider them that way.” 

At the request of the subject, the series was terminated with test 6. She was 
considerably disturbed with her performance. In spite of the fact that repeated 
assurance was given that she had “done well,” she voiced dislike for the tests and 
stated that she wanted to “stay away from them.” 

Subject 19. — An American-born j'outh aged 19, a student, entered the University 
of Chicago Clinics on Jan. IS, 1936 with a history of a fall at the age of 5 years, 
which resulted in a compound depressed fracture of the skull, repaired by operation. 
After the fracture, the patient was unable to speak for one week; he experienced 
severe weakness of the right arm and leg, which continued. Generalized jacksonian 
seizures began at the age of 13 years, and these persisted. Operation, performed 
on January 24 by Dr. Paul C. Bucy, involved partial extirpation of the left 
parietal and temporal lobes for removal of a cortical scar. Recovery was uneventful ; 
the patient was discharged from the hospital on February 11. The postoperative 
intelligence quotient was 110 ( Stanford-Binet L). The patient was strongly “right 
handed” in childhood, but weakness of the right arm and hand had necessitated 
the development of functional “preference” for the left hand. He was graduated 
from a large metropolitan high school after his first operation and at present is a 
student in an art school. He has occasionally shown “spiking” and 3 per second 
waves in his electroencephalogram, but these were not present at the time of the 
last determination. 
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As may be seen in figure 6, subject 19 made fewer errors than the average 
normal subject on 6 of the 9 tests. He grasped the instructions at once and made 
no errors on test 1. He worked slowly and deliberately, with no help from the 
experimenter. He expressed a lively interest in the tests and has since cooperated 
readily in repeating the tests. It should be noted that, in contrast to the preceding 
subjects, subject 19 had a visual field defect (right homonymous hemianopia of vne 
nullc type-"), in addition to defective ocular movements.^ In general, his perform- 
ance on the series of tests was superior to that of any of the normal subjects. 

Subject 22. — An American-born woman aged 25, a filing clerk, entered the Uni- 
versity of Chicago Clinics on Sept. 27, 1937 with a history of visual disturbances 
during the past ten years, consisting of flickering lights and colors, and headaches 
and spells of vomiting for the past eighteen months. Operation, performed on 
October 23, bj' Dr. Paul C. Buej', involved complete extirpation of the left 



I 234 56789 

TESTS 


Fig. 6. — Graph indicating the performance of subject 19 (lesion in the left 
parietotemporal region), showing the number of errors (black dots) made on the 
first trial in each of the 9 tests. The profile in the lower portion of the figure 
represents normal variation in each test and is the same as that in figure 3. 


occipital lobe for removal of a spongioblastoma polare. Recovery was uneventful, 
and the patient was discharged from the hospital on November 11. The post- 
operative intelligence quotient was 115 (Stanford-Binet). The patient was strongly 
“right handed.” She secured employment for herself in a factory after her opera- 
tion and has worked steadily since. 

As may be seen in figure 7, subject 22 had only normal difficulty with test 1. 
She grasped the instructions promptly and, after making two errors at the outset, 

2a. V 2 ie niiUc, as opposed to vne noire. No scotomatous area was present. 

3. Halstead, W. C. ; A Method for the Quantitative Recording of Eye Move- 
ments, J. Psychol. 6:177-180, 1938. 
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proceeded without making further errors on this test. Likewise, lier performance 
on tests 8 and 9 did not differ greatly from the average normal performance. Her 
performance on the intervening tests differed widely from the normal, however. 
In contrast to subjects 1, 6 and 10, the errors made by su1)jcct 22 did not seem 
to disturb lier in the least. She worked steadily at each of the tests, seeking no 
assistance from the experimenter. She was permitted to go through all 9 tests 
without assistance of any kind. Her interest and attitude toward the tests did not 
differentiate her from tiie normal subjects. An analysis of various visual functions 
of subject 22 has been reported by one of us (Halstead) elsewhere.-* 

Subject 25. — .‘Vn American-born woman aged 22, a stenographer, entered the 
University of Chicago Clinics on Sept. 27, 1939, with a history of severe liead- 
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Fig. 7. Graph indicating the performance of subject 22 (left occipital lobe 

completely removed), showing the number of errors (black dots) made on the 
first trial in each of the 9 tests. The profile in the lower portion of the figure 
represents normal variation in each test and is the same as that in figure 3. 


aches and attacks of nausea, relieved by induced vomiting, during the past three 
years. Operation, performed on October 10 by Dr. Paul C. Bucy, involved com- 
plete extirpation of the right occipital lobe for removal of an oligodendroglioma. 
Recovery was uneventful, and the patient was discharged from the hospital on 
November 3. The preoperative intelligence quotient was 133 (standard-Binet L) ; 

4. Halstead, W. C.; Walker, A. E.. and Bucy, P. C. : Sparing and Nonsparing 
of Macular Vision Associated with Occipital Lobectomy in Man, Arch. Ophth. 
24:948-962 (Nov.) 1940. 
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the postoperative intelligence quotient was 133 (Stanford-Binet AI). The patient 
was strongly “right handed.” After her operation she resumed her secretarial 
duties in the office of a large corporation in Chicago. She was given additional 
responsibilities from time to time and an increase in salary. She is at present a 
student in a university. 

It was possible to secure both preoperative and postoperative information in 
all 9 tests with subject 25. The two test periods were separated by an interim 
of six weeks. In figure 8 the preoperative results for this subject are plotted in 
solid dots and the postoperative results in hollow circles. 

In the preoperative tests subject 25 grasped the instructions promptly and made 
only one error on test 1. She made 9 errors on test 2. as against an average of 
4 errors for the average normal subject. She did not seem to be disturbed by 
her errors and worked steadily without seeking or receiving any assistance from 
the examiner. Her performance on test 3 fell within normal limits, and on test 4 
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Fig. 8. — Graph indicating the preoperative (black dots) and postoperative 
(hollow circles) performance of subject 25 (right occipital lobe I'emoved), show- 
ing the number of errors made on the first trial in each of the 9 tests. The 
profile in the lower portion of the figure represents the normal variation on each 
test and is the same as that in figure 3. 


it was not notably different from the normal. She encountered considerable 
difficulty with tests 5 and 6 (quadrant), making 21 errors on the former and 16 
errors on the latter. It is of interest that on the remaining tests, 7, 8 and 9, the 
performance of this subject was not notably differentiated from the average normal 
performance. 

In the postoperative tests, with the exception of test 6 (quadrant), subject 25 
encountered no particular difficulty, and in 6 of the 9 tests made fewer errors than 
the average normal subject. An analysis of various visual functions of subject 25 
has been reported elsewhere.* 
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COMMENT 

In the present investigation, we have been interested in tlie question 
whether certain forms of equivalence (in visually controlled responses) 
found in normal subjects likewise occur in persons with lesions of the 
brain. We were only incidentally concerned with determining the nature 
of the factors responsible for equivalence. Studies directed at the latter 
problem have been under way for some time in this laboratory. . It seems 
clear that an adequate description of these factors for man requires 
intensive study of a wide range of behavioral functions in individual 
cases. Certain features of the present investigation hear directly on 
any preliminary interpretation of the variations from normal perform- 
ance found in some of the patients with cerebral lesions and may be 
mentioned briefly. 

1. Visual Acuity jor Form, Brightness and Color. — Careful determi- 
nations of the visual acuity for form, brightness and color in all 6 of the 
experimental subjects have been made by the methods reported in con- 
nection with an analysis of the visual functions of subjects 22 and 2S.* 
No significant deviation from the normal was found in any of the 6 
subjects with lesions of the brain which bore directly on their perform- 
ances in the present investigation. The minimal visual form discrimi- 
nation required in the test figures (which averaged approximately 3 by 
3 degrees in size) subtended approximately 4 minutes of visual angle, 
a value well above the discrimination thresholds found for all 6 experi- 
mental subjects. Moreover, analysis of the errors made by the 
individual subjects indicates that relatively few errors were made on 
these particular figures. 

2. Visual Field Deject. — Three of the 6 experimental subjects had a 
visual field defect associated with their cerebral lesion. Subjects 19 and 
22 each had right homonymous hemianopia (with sparing of centi'al 
vision) of vue nulle type.'* Subject 25 had l^t homonymous hemianopia 
(with splitting of central vision) of vue nulle type."* It is of interest 
that of the 3 subjects with hemianopia, the performance of subject 19 
was in general superior to that of any of the normal subjects (fig. 6). 
Likewise, the postoperative performance of subject 25 tended in general 
to equal or exceed the performance of the average normal subject. It 
thus seems improbable that the presence of hemianopia per se consti- 
tuted the limiting factor in the performance of subject 22. This inter- 
pretation is further supported by an analysis of the errors made by this 
subject (fig. 7). 

3. Agnosia, Apraxia and Aphasia. — Examinations of the language 
functions of all 6 experimental subjects have been made, including the 

S. Kliiver H. : The Study of Personality and the Method of Equivalent and 
Non-Equivalent Stimuli, Character & Personality 5:91-112, 1936. Halstead.ii> 
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application of Head’s tests and Halstead’s test for aphasia, which covers 
twelve language functions, including agnosias and apraxias.® In general, 
no evidence of disturbed language functions was obtained for any of the 
6 experimental subjects which would throw light at this time on the 
deviations from normal performance obtained in the present investi- 
gation. Four of the 6 subjects (subjects 10, 19, 22 and 25) indicated 
a normal grasp of the verbal instructions, accurate perception of the test 
figures and the ability to make the required responses by equaling the 
average normal performance on test 1. Two of the 6 subjects (subjects 
1 and 6) made 11 and 30 errors, respectively, on test 1, as compared 
with 1 or 2 errors made by the average normal subject. Nothing in the 
general behavior of these 2 subjects suggested failure to grasp the 
instructions. Both subjects began test 1 promptly and activated the 
response keys differentially after deliberate study of the test items in 
the viewing window. It was only after several consecutive errors that 
it became apparent to the expeidmenter that they had not grasped the 
specific point of test 1. 

4. Attitude and Persistence . — All 6 of the experimental subjects 
evidenced an interested, “cooperative” attitude at the outset of the tests. 
Subjects 19, 22 and 25 worked readily and persistently throughout the 
9 tests without requiring special motivation from the experimenter. 
Subjects 1, 6 and 10, on the other hand, exhibited signs relatively early 
in the tests that their willingness to continue was marginal indeed. It 
was this fact that led the experimenter to give them direct assistance. 
In the case of each of them, this “resistance” to the tests seemed to wax 
and wane as errors or correct responses were made. On reaching the 
end of test 6, each of them substantially refused to proceed further with 
the tests, an attitude which remains to the present. This is of particular 
interest in connection with Goldstein’s ” description of the catastrophic 
reaction induced by certain test situations. 

5. Nature of the Tests . — ^^^^ith the exception of subject 19, all of 
the experimental subjects hacl considerable difficulty with 1 or both of 
the quadrant tests (tests 5 and 6). It is of interest that the quadrant 
figures were the only test figures requiring a changing orientation to a 
vertical dimension of space. However, the performance of subject 1, 
for example, should be recalled in this connection : It was necessary for 
the experimenter to overcome an a priori conviction on the part of 
subject 1 that the quadrant test figures should be numbered from left 
to right rather than clockwise, as in the test. 

6. Halstead, W. C. : A Test for Aphasia, to be published. 

7. Goldstein, K. ; Die Lokalisation in der Grosshirnrinde, in Bethe, A.; von 
Bergniann, G. ; Embden, G., and Ellinger. A. : Handbuch der normalen und 
pathologischen Physiologie, Berlin, Julius Springer, 1927, vol. 10, pp. 600-842. 
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6. Type of Lesion . — Subjects 1, 6 and 10 had a primary lesion either 
of the right or of the left frontal lobe. These 3 subjects (a) deviated 
widely from the average normal person in the number of errors made on 
some of the tests, {b) required assistance and special motivation to 
complete most of the tests attempted and (c) refused to complete the 
series of tests beyond test 6. Subject 22, in whom the left occipital lobe 
had been removed, also deviated widely from the average normal per- 
formance in the number of errors made on most of the tests, but her 
general performance was not otherwise differentiated from that of the 
normal group. The performance of subject 19, who had a large lesion in 
the left parietotemporal region, was in general superior to that of the 
average normal subject. Likewise, the postoperative performance of 
subject 25, in whom the right occipital lobe had been removed, tended to 
equal or exceed the average normal performance.® 

7. Selection of E.vperimental Subjects . — By restricting our consider- 
ation in the present report to the performances of subjects with lesions 
of the brain who have made good, or in some instances unusually good, 
postoperative social adjustments, we have incidentally selected those 
persons who are least differentiated from normal subjects in terms of 
their performances on the present group of tests. The fact that marked 
quantitative evidence of deviation from the normal is,' nevertheless, 
apparent in our results is therefore of particular significance. 

SUMMARY 

Further analysis has been made of the grouping behavior of normal 
subjects and of persons with lesions of the brain from the series pre- 
viously reported by one of us (W. C. H.). Groups of geometric test 
figures having certain characteristics in common were presented by means 
of a special apparatus. Both qualitative and quantitative evidences of 
deviation from normal performance were found in some of the experi- 
mental subjects. This evidence is in line with the earlier observations 
of Halstead obtained on these subjects. Various factors bearing on 
interpretation of the present results are discussed. 

University Clinics, University of Chicago. 

8. Jacobsen, C. F. ; Elder, J. H., and Haslerud, G. M. : Studies of Cerebral 
Function in Primates, Comparative Psychology Monographs, Baltimore, Johns 
Hopkins Press, 1936, vol. 13, no. 3, p. 68. Lashley, K. S.: Brain Mechanisms 
and Intelligence, Chicago, University of Chicago Press, 1929. 
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Inti'acranial calcification is not rare, and it is associated with a variety 
oi "pfiysiologic” and pathologic conditions. Calcification of the pineal 
body or of the falx cerebri occurs with such frequency that the alteration 
is considered physiologic by man}' observers. The deposition of calcare- 
ous concretions in the region of the basal ganglia has recently been 
reviewed extensively by Eaton, Camp and Love.' Their report that the 
calcification occurs in and about the finer cerebral blood vessels coincides 
with our observations in cases of a similar condition. This study, on the 
other hand, pertains to calcification of the brain parenchyma itself, par- 
ticularly the cortex. Calcification of the cortex of the brain takes place 
in a variety of pathologic states, the most common being tuberous 
sclerosis, in which the alterations may be noted within some of the 
tuberosclerotic nodules. According to Yakovlev and Corwin,- the calcifi- 
cation in such lesions tends to occur not in the center of the nodule but 
in the periphery of the subcortical softening, facing the white matter, 
that is, under the cortex in the depth of the convolutions. In a closely 
related pathologic state, however, namely, the glial nodules of the cortex 
associated with Recklinghausen’s disease, we have observed the calcareous 
concretions within the glial-sclerotic nodule itself. 

The type of calcification in the cerebral cortex we are describing in 
this contribution has been reported and verified histologically, to our 

From the Illinois Neuropsychiatric Institute; the Department of Neurology 
and Neurological Surgery, University of Illinois College of Medicine, and the 
Chicago State Hospital. 

1. Eaton, L. M.; Camp, J. D., and Love, J. G. : Symmetric Cerebral Calcifi- 
cation, Particularly of the Basal Ganglia, Demonstrable Roentgenographically, 
Arch. Neurol. & Psychiat. 41:921 (May) 1939. 

2. Yakovlev, P. L, and Corwin, W. : A Roentgenograph ic Sign in Cases of 
Tuberous Sclerosis of Brain (Multiple “Brain Stones”), Arch. Neurol. & Psychiat. 
42:1030 (Dec.) 1939. 
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knowledge, only twice before. In both instances this alteration occurred 
in association with cutaneous (facial) and leptoineningeal angiomatoses. 
Our paper is the first in which the cortical calcification has been reported 
in association with a meningotheliomatous meningioma. The close genetic 
relationship between angioma and meningothelioma will be pointed out 
later, and the pleomorphic variety of incomplete or atypical forms of the 
neurocutaneous syndrome, of which we believe our case is an example, 
will be discussed. 

REPORT OE CASE 

History. — Mrs. M. Z.. a vhitc woman aged 53, was admitted to the Chicago 
State Hospital on May 21, 1941. The onset of her illness was eighteen months 
before, when she began to complain of failing vision. Soon afterward, she became 
nervous and frightened and stayed home a great deal. She was taken to an 
ophthalmologist, who reported that her right eye was totally blind and that vision 
in her left ej’e was reduced to counting fingers at a distance of 8 feet (245 cm.). 
The left pupil reacted sluggishly to light, and the right pupil did not react at all. 
E.vamination of the optic fundi revealed bilateral advanced primary optic nerve 
atrophy. The Wasserinann reaction of the blood was negative, and roentgeno- 
grams of the skull showed no abnormalities. The pathogenesis of the primary 
optic nerve atrophy could not be determined. A short time afterward she was in 
an automobile accident, in which she sustained minor bruises, .‘\fter this incident 
her nervousness increased and she became confused and agitated. She imagined 
she was not at home and demanded that she be taken home. .She imagined seeing 
dogs and little children, to whom she talked. She became very jealous of her 
husband, pulled his hair, scratched his face and called him vile names. As her 
mental condition became progressively worse, she was admitted to the Cook 
County PsjThopathic Hospital on May 18, 1941 and shortfi- thereafter was trans- 
ferred to the Chicago State Hospital, with a diagnosis of presenile dementia. 

Physical E.rainiiialion. — Inspection revealed her to be well nourished. The 
heart was enlarged to the left, and a soft systolic murmur was beard at the apc.x. 
The blood pressure was 150 sj'stolic and 90 diastolic. The olfactory sense was 
not tested. With the exception of advanced bilateral primarj- optic nerve atrophy, 
no abnormalities were found in the neurologic examination. 

Laboratory Data . — The blood count revealed 4,500,000 red cells per cubic 
millimeter, 14.5 Gm. of hemoglobin per hundred cubic centimeters and 5,200 white 
cells per cubic millimeter. The Kahn reaction of the blood was negative. The 
Pandy reaction of the cerebrospinal fluid was faintly positive; the Lange colloidal 
gold curve was 0000000000. The sugar content of the cerel)rospinal fluid was 
74 mg. per hundred cubic centimeters. 

Mental E.vaminatlon . — After admission to the hospital the patient was quiet 
and cooperative. She appeared apathetic and was grossly disoriented, and there 
was no play of emotions on her face as she spoke. When asked about her vision 
she said, “I can’t be blind; I see everything.” On questioning, however, it was 
apparent that she could not count fingers at a distance of 3 feet (90 cm.). The 
first clinical impression was that of organic disease of the brain, undetermined 
of type. 

On June 9 an electroencephalographic study was made by Dr. Chester . 
Darrow, of the psychophysiologic laboratory of the Illinois Institute for Juvenile 
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Research. He reported that the patient was quiet and cooperative throughout the 
examination. The record showed a large amount of 2 to 3 per second waves 
of large potential arising from the frontal and the motor regions. He expressed 
the opinion that the tracings from alt areas were suggestive of degenerative 
changes in the brain. On June 11 pneumoencephalographic examination revealed 
moderate diffuse internal hydrocephalus of the lateral and third ventricles. 

Clinical Diagnosis. — In view of the clinical history and course, the degenerative 
changes evidenced by the brain waves and the moderate and symmetric internal 
hydrocephalus, the majority opinion of the staff members was that the patient 
was suffering from a form of presenile dementia, probably Alzheimer’s disease. 
The primary oi^tic nerve atrophy, however, remained unexplained. 

Course. — The patient’s mental condition continued to be poor; bronchopneu- 
monia developed, and she died on Nov. 3, 1941. 

Anaiomic Diagnosis. — The diagnosis was meningotheliomatous meningioma 
arising from the leptomeninx in the vicinity of the olfactoiy tracts; Alzheimer’s 
disease ; focal and confluent bronchopneumonia, and calcification of the cerebral 
cortex of the convolutions adjacent to the meningioma. 

Gross Pathologic Observations. — The brain was removed and hardened in a 
dilute concentration of solution of formaldehyde U. S. P. (1:10). The lepto- 
meninges were everywhere thin and transparent. The blood vessels at the base 
of the brain contained single sclerotic plaques. On the orbital surface of the 
frontal lobe, just in front of the hypophysis, was a round, disk-shaped tumor 
4 cm. in thickness. This tumor compressed both olfactory tracts, both optic 
nerves and the optic chiasm. It was firmly adherent to the roof of both orbits, 
into which it had grown. After fixation, the brain was cut in a midsagittal plane. 
That portion of the tumor which bordered on the parenchyma of the brain was soft 
and grayish white and measured up to 10 mm. in thickness. This soft tissue 
merged rather sharply into the sclerotic portion of the tumor that had grown 
into the roof of both orbits. On section of the brain, the lateral and third 
ventricles were observed to be moderately dilated. The cortex and the basal 
ganglia were dark gray brown. When the orbital gyri were sectioned, the knife 
encountered calcific material. 

macroscopic Pathologic Observations. — Tumor: The soft portion of the tumor 
showed the typical histologic picture of a meningotheliomatous meningioma (fig. 1). 
It was composed of alveoli of mesothelial cells of uniform appearance. The alveoli 
were separated by interlacing bundles of collagenous connective tissue, which 
stained deep red with Van Gieson’s method. This portion merged rather sharply 
into the sclerotic portion, in which islands of tumor tissue were separated by 
trabeculae of bone (fig. 2). 

Brain: The leptomeninges were thin and free from cellular infiltrations. The 
cytoarchitecture was, on the whole, well preserved. Here and there throughout 
the cortex, clear areas devoid of cellular elements were seen, and in many areas 
the ganglion cells appeared pale and shrunken. In the deeper layers of the cortex 
a moderate degree of satellitosis was observed. The calcific material described 
in the gross specimen took the dyes rather deeply. The largest concretions were 
seen in the center of the affected area (fig. 3). Here the concretions were round 
and the internal lamination was distinct. In adjacent areas, structures identical 
with the corpora arenacea, or the so-called brain sand granules, commonly seen 
in the pineal body were observed. In the periphery of the affected zone, spherical, 
centrally laminated concretions no larger than the nuclei of ganglion cells were 
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arranged in nests. The concretions which were most recently precipitated were 
not laminated but were rather amorphous and granular. Many of the concretions 
had fallen out, leaving clear areas. There was no increase in glia about the 



Fig. 1. — Low power photomicrograph of a portion of the tumor, showing the 
whorls characteristic of a meningotheliomatous meningioma. Iron hemato.xylin 
stain. 



Fig. 2. Low power photomicrograph of the meningioma. The deeply stained 

tissue in the lower part of the tumor is trabeculae of bone. Van Gieson stain. 

concretions. In Bielschowsky preparations the concretions were surrounded by 
clear areas devoid of neurofibrils (fig. 4B). More striking, however, were the 
large numbers of senile plaques scattered throughout all portions of the cortex 
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of the brain. Ganglion cells showing the condensed and spiral neurofibrillary 
apparatus characteristic of Alzheimer’s disease were seen in large numbers in 
all fields (fig. 4 A). 

CLINICAL CONSIDERATIONS 

The clinical diagnosis of Alzheimer’s disease, corroborated by electro- 
encephalographic evidence of degeneration of the nervous system and 
pneumoencephalographic evidence of atrophy of the cortex of the brain, 
was verified b}' the microscopic examination. The bilateral primary optic 
nerve atrophy, however, which resulted from the pressure of the menin- 
gioma on the optic nerves and the optic chiasm, was a disturbing clinical 
observation. A stereoscopic examination of the lateral roentgenograms 
of the skull taken at the time the encephalogram was olitained showed a 
faintly outlined but rather distinct shadow just above the oi'bits in the 



Fig. 3. — ^Low power photomicrograph through the oibital gyrus, showing the 
intracortical concretions. Weil stain. 


region where the sclerotic portion of the meningioma was seen. The 
calcification in the brain substance itself could not be detected in 
the roentgenograms. It is unfortunate that the olfactory sense was not 
examined, since anosmia coupled with primary optic nerve atrophy might 
have suggested the possibility of a basofrontal lesion just in front of the 
optic chiasm. 

PATHOLOGIC CONSIDERATIONS 

From the histologic study of the case reported it is evident that one is 
dealing with a meningotheliomatous meningioma associated with intra- 
cortical calcifications in the adjacent convolutions. Both conditions were 
present in a brain showing histologic evidence of Alzheimer’s disease. 
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We believe that it will be the consensus that the Alzheimer disease was 
not i^athogenetically related to the other two states. Man}^ investigators 
may contend that the mcningothelioma, too, was wholly unrelated to the 



Pig 4_ high power photomicrograph of a section through the cerebral 

cortex, showing the Alzheimer changes in the ganglion cells. 

B, low power photomicrograph of a section through the cortex, showing the 
concretions surrounded by clear areas devoid of neurites. Bielschowsky stain. 
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intracortical calcifications, but we shall attempt to show that the 
coexistence of the latter two pathologic states was not accidental. 

The medical literature is replete with instances in which cutaneous 
anomalies have been associated with neurologic disorders. The two out- 
standing disorders belonging to this group are Recklinghausen’s disease 
and tuberous sclerosis. To them is added von Hippel-Lindau disease, 
in which the external evidence of disorder is present not in the skin but in 
the eye. Of these three disorders atypical (incomplete, central or latent) 
varieties occur in which external evidences are lacking despite the 
involvement of the nervous system. 

In addition to these three major types of the so-called neurocutaneous 
syndrome, many minor ones occur, among them being Sturge- Weber 
disease. The pathologic syndrome we are describing is closely related 
to the latter disorder. 

The combination of a vascular nevus in the trigeminal region with 
telangiectasis of the pia mater and angiomatosis of the brain was first 
described clinically by Sturge ® in 1879. Kalischer,^ in 1897, described 
the anatomic changes in a case of this condition. Weber,® first in 1922 
and later in 1929, described the roentgenographic alterations in the brain 
of a patient presenting a vascular nevus of the face with contralateral 
hemiplegia. In his 1929 publication, the sinuous calcified shadow cor- 
responding to the surface of the brain was clearly seen. Dimitri,® in 
1923, published the report of a case in which an angioma of the brain 
produced a distinct shadow in the roentgenogram, and Marque,’’ in 1927, 
described 2 cases with similar roentgenographic changes. Because of the 
presence of the vascular nevus on the face, the calcifications seen in 
the roentgenograms were interpreted as calcified angiomas. 

Krabbe,® in 1934, published the anatomic observations in tbe case 
of a white youth aged 19 years who since birth had had a large Avascular 

3. Sturge, A. : A Case of Partial Epilepsy, Apparently Due to a Lesion of 
One of the Vaso-Motor Centers of the Brain, Tr. Clin. Soc., London 12:162, 1879. 

4. Kalischer, S.: Demonstration des Gehirns eines Kindes mit Telangiectasie 
der linksseitigen Gesichtskopehaut und Hirnoberflache, Berl. klin. Wchnschr. 33: 
1059, 1897. 

5. Weber, F. P. : Right-Sided Hemi-Hypotrophy Resulting from Right-Sided 
Congenital Spastic Hemiplegia, with a Morbid Condition of the Left Side of the 
Brain Revealed by Radiograms, J. Neurol. & Psychopath. 3:134, 1922; A Note 
on the Association of Extensive Hemangiomatous Naevus of the Skin with 
Cerebral (Meningeal) Haemangioma, Especially Cases of Facial Vascular Naevus 
with Contralateral Hemiplegia, Proc. Roy. Soc. Med. (Sect. Neurol.) 22:431, 1929. 

6. Dimitri, J. ; Rev. Asoc. med. argent. 36:1029, 1923. 

7. Marque, A. : Consideraciones sobre angiomas en la infancia, Rev. oto- 
neuro-oftal. 1:202, 1927; cited by Krabbe.® 

8. Krabbe, K. H. : Facial and Meningeal Angiomatosis Associated with Calci- 
fications of the Brain Cortex, Arch. Neurol. & Psychiat. 32:737 (Oct.) 1934. 
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nevus over the right side of his face. Roentgenograms' of the skull 
showed an irregular shadow in the right occipital lobe corresponding 
to the cerebral g}u-i, with darker lines corresponding to the sulci. Some 
of the darker lines had double contours. The patient had been subject 
to epileptiform seizures for several years, and death followed several 
attacks. Histologic examination of the brain showed that the shadow 
seen in the roentgenogram was due to calcification of the outer layers 
of the cortex, and not of the pia mater or the blood vessels in its vicinity. 
The calcification consisted of small granules of lime salts localized in the 
second and third layers of the cortex. The pia mater over the calcified 
area was abundantly vascularized, but no true angioma was seen. 

Intracortical calcification, as seen in our case and in the case reported 
b)"^ Krabbe, was seemingl}^ first reported by Volland ” in 1913, whose case 
was clinically and pathologically similar to Krabbe’s. Volland’s patient, 
a boy, had suffered from epileptiform attacks, and his mental development 
had been slow. There was a vascular nevus on the left side of his face, 
and he had contralateral hemiplegia. Autopsy revealed that the left 
cerebral hemisphere was smaller than the right. The pia mater over 
the left side of the brain, particularly in the region of the frontal bone 
over the base of the third frontal convolution, over the tip of the temporal 
lobe and over the left cuneus, was greatly thickened and was rich in 
blood vessels. [Microscopically, the leptomeninges were seen to be the 
seat of angiomatous formations. In the sclerotic areas of the brain, par- 
ticularly in the left occipital lobe, but also to a less degree in the left 
frontal lobe and in the cornu ammonis, the cortex, and to a lesser degree 
the subcortical white substance, was the seat of many calcareous 
concretions. 

The calcification in Volland’s case was much more extensive than in 
either Krabbe’s case or the one described in this report. Volland’s case 
and that of Krabbe were similar in that the intracerebral calcifications 
were associated with leptomeningeal angiomatoses and cutaneous vas- 
cular pevi. Our case differed from theirs in two ways — first, no 
cutaneous lesion was present, and, second, instead of an angiomatous 
meningioma of the leptomeninx, a meningotheliomatous meningioma 
was present. On analysis, one sees that these differences ai-e minor and 
that our case belongs to the same group as theirs. The absence of 
cutaneous manifestations in any case of the neurocutaneous syndrome 
(Recklinghausen’s disease or tuberous sclerosis) is not rare, and in such 
instances the condition is usually designated as incomplete, central, 
abortive or latent. More common than the abortive peripheral type is 

9. Volland: Ueber zwei Falle von zerebralem Angiom nebst Bermerkiingen 
tiber Hirnangiome, Ztscbr. f. d. Erforsch. u. Behandl. d. jugendl. Schwachsinns 
6:130, 1913. 
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the abortive or incomplete central type, in which cutaneous manifestations 
are present without changes in the meninges or the central nervous 
system. Examples of this type are the vascular nevi of the face unasso- 
ciated with meningeal or cerebral alterations. In some instances a mixed 
type of the neurocutaneous syndrome occurs, as in the case reported by 
Grieg,^° in which adenoma sebaceum of the face (Pringle’s disease), 
which is usually observed in association with tuberous sclerosis, accom- 
panied a meningeal nevus. 

The differences between an angiomatous meningioma, such as the 
tumor in the cases of Volland and Krabbe and a meningotheliomatous 
meningioma, such as the tumor in our case, are minor. The primitive 
leptomeninx, regardless of the fact that it may originate from the neural 
crest and is, therefore, ectodermal in origin, according to the observations 
of Harvey and Burr,’-’- is histopathologically mesenchymal in character. 
The early mesenchyma may be considered to be the parent organ of two 
types of tissue — the nutritive (blood vessels) and the supportive. The 
angiomatous meningioma is basically a growth of the nutritive (vascular) 
component of the primitive leptomeninx, and the meningotheliomatous 
meningioma is essentially the most common type of growth arising from 
the supportive component of the primitive leptomeninx. According to 
Bailey and Bucy,^^ at least nine varieties of meningeal tumors have been 
differentiated, and it is our belief that in the future varieties other than 
angioma and meningothelioma will be observed in association with 
cerebral calcification. 

Terminology has always been a difficult part of clinical medicine, 
especially when one is dealing with incomplete, poorly recognized or little 
known diseases. 

Krabbe,® in his contribution on facial and meningeal angiomatoses 
associated with calcification of the cerebral cortex, closed with the 
sentence, “If this disease, forming an entity, should deserve a name, it 
might well be Parkes Weber-Dimitri’s disease.” Weber ® (August 1922) 
and Dimitri® (1923) were the first, it will be recalled, to record the 
characteristic roentgenographic changes, which Krabbe showed were due 
to intracerebral calcification rather than to calcified blood vessels. Since 
Krabbe® (1934) was the first to demonstrate that the sinuous shadows 
seen in the roentgenogram were indicative of calcification in the cortex 

10. Grieg, D. M. : A Case of Meningeal Naevus Associated with Adenoma 
Sebaceum, Edinburgh M. J. 28:105, 1922. 

11. Harvey, S. C., and Burr, H. S.: The Development of the Meninges, 
Arch. Neurol. & Psychiat. 15:545 (May) 1926. Harvey, S. C.; Burr, H. S., 
and Van Campenhout, E. ; Development of Meninges, ibid. 29:683 (April) 1933. 

12. Bailey, P., and Bucy, P. C. : The Origin and Nature of Meningeal Tumors, 
Am. J. Cancer 15:15, 1931. 
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of the brain, many authors (Moniz and Lima^“) have alluded to the 
disorder as Krabbe’s disease. It Avas Volland ^ ( 1913 ), however, who 
first showed that the calcifications noted in the brain of a boy Avith a 
facial Avascular nevus Avere in the brain substance itself and not in the 
blood vessels. Since Sturge ® Avas apparently the first to describe the 
neurocutaneous syndrome clinically, the association of vascular ncAU of 
the face, particularly in the region of distribution of the trigeminal 
neiwe, Avith the characteristic roentgenographic shadoAvs, first described 
by Weber,® is noAv termed the Sturge-Weber syndrome. 

The association of epilepsy Avith progressiA^e facial hemiatrophy has 
been noted by many observers. Merritt, Faber and Bruch called atten- 
tion to the presence of sinuous shadoAvs in the roentgenograms of the 
skull of patients Avith progressive facial hemiatrophy. These shadoAvs 
closely conform to Avhat has been described in the past as indicative 
of calcified angioma (Weber and Dimitri), but Avhich Krabbe shoAved 
to be intracortical, nonvascular calcifications. The cause of progressiA^e 
facial hemiatrophy is indefinite. According to some authors, the disorder 
is the manifestation of a form of scleroderma. A striking histopathologic 
alteration in cases of scleroderma is the diffuse increase in the connective 
tissue. This groAvth of connective tissue — rich in collagen — constricts 
the nutrient blood A^essels, and atrophy of the affected tissues may result. 
It is important to remember that hemangiomas, too, undergo sclerosis. 
This process, Avhich is much more pronounced in some cases than in 
others, is also characterized by an overgroAvth of collagenous connectiA-e 
tissue, AAdiich finally obliterates the blood A^essels. Thus, in cases both 
of hemangioma (to Avhich the Avascular nevus belongs) and of progressive 
facial hemiatroph}^ a diffuse overgroAvth of connective tissue may occur. 
Both conditions, too, may be associated Avith epilepsy and Dimitri -Weber 
cerebral calcifications. In man}'- instances of vascular nevi of the face 
the angiomatous process invoh'es the subcutaneous tissue, the muscles, 
the fasciae and the skull itself. Similarly, in cases of progressive facial 
hemiatrophy the atrophic-sclerotic process may involve the skin, the sub- 
cutaneous fat, the connective tissue, the muscles and the bones. The 
associatioii of pigmentary Avith vascular nevi is Avell knoAvn, and the 
occurrence of pigmentary nevi Avith progressive facial hemiatrophy has 
also been observed. 

Geyelin and Penfield,^® reported the clinical and roentgenographic 
obserA^ations in cases of a “peculiar type of epilepsy” that appeared in 

13. Moniz, E., and Lima, A. : Pseudo-angiomes calcifies du cerveau, angiome 
de la face et calcifications corticales du cerveau (maladie de Knud H. Krabbe), 
■Rev. neurol. 63:743, 1935. 

14. Merritt, K. K.; Faber, H. K., and Bruch, H.: Progressive Facial Hemi- 
atrophy, J. Pediat. 10:374, 1937. 

15. Geyelin, H. R., and Penfield, W.: Cerebral Calcification Epilepsy, Arch. 
Neurol. & Psychiat. 21:1020 (May) 1929. 
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one family, including the father and all 4 children. Roentgenograms in 4 
of the cases showed distinct calcified areas in the brain substance. In 
many instances the shadows appeared circular or tubular, with furrows 
that seemed to follow the fissures of the brain. Many of these shadows 
were identical with those described by Weber and Dimitri. In 1 instance 
craniotomy was performed, which revealed the calcified areas to be harder 
than normal and the overlying leptomeninx less vascular than usual. 
Microscopic examination revealed that the calcification “began in the 
deeper layers of the gray matter and extended into the white matter.” 
In the center of the calcified zone were loosel}'^ arranged fibrous neuroglia 
cells and many scattered calcified granules, the size of which varied from 
less than the diameter of the nucleus of a nerve cell to the size of a Betz 
cell. “The small capillaries stood out and seemed to be numerous but 
were frequently converted into calcified tubes.” 

According to Geyelin and Penfield, the primary change in their case 
was a local vascular one. Obliteration had taken place in the small 
vessels, which resulted in local destruction of cerebral tissue, and the 
calcification was secondary to this local destruction. They stated that 
the process might be called “obliterating endarteritis of the cerebral 
hemispheres.” 

It is difficult to decide whether the calcification described by Ge3'eliii 
and Penfield is of the Weber-Dimitri type. In the cases of Volland and 
Krabbe and in our case the blood vessels were not calcified. In the case 
of Geyelin and Penfield, however, the calcification was not restricted to 
the blood vessels but was loose in the parenchyma as well. 

We do not believe that it is germane to this contribution to discuss 
the chemical nature of the concretions which have been so loosely 
referred to as calcium. Suffice it to say that debate has arisen as to the 
exact chemical nature of the deposits. 

It should be emphasized that angiomas of the brain do undergo 
calcification, but the roentgenographic changes are not similar to those 
seen with the type of calcification described in this report. 

SUMMARY AND CONCLUSIONS 

The clinical and pathologic features of a case of Alzheimer’s disease 
complicated by the presence of a large meningioma of the olfactory 
groove are presented. 

The suggestion is made that the association of calcification of the 
cerebral cortex with the meningothelioma is part of a pathologic complex 
and not a mere coincidence. 

The association of the Dimitri-Weber calcifications in the brain with 
pathologic conditions other than vascular nevi in the region of distribution 
of the trigeminal nerve (Sturge-Weber syndrome) is reviewed. 

Illinois Neuropsychiatric Institute. 
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Within recent 3'ears an increasing number of papers have appeared 
on neurogenic hyperthemia, a severe and occasionally fatal elevation of 
body temperature which sometimes results from acute injury to the 
brain, especially if the hypothalamic region has been involved (Cush- 
ing,’- Gagel,- Alpers,^ Dott,'* Erickson,*'' Davison® and Zimmerman’'). 
This acute hyperthermia, which Cushing ’ characterized as a bete noire 
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of the neurosurgeon, has been ascribed to a dysfunction of the hypo- 
thalamic temperature-regulating mechanism, and a variety of antipyretic 
agents have been utilized in attempts to control it, but without success. 
In 1938, Dott ^ wrote : 

W e ' know of no pharmacological substance which will eff ectiveh* lower the 
raised temperature in cerebrogenic hj'perthermia. Artificial cooling is our only 
effective treatment. 

It appeared that if acute hyperthermia could be produced with some 
regularity by hypothalamic injury in experimental animals, an oppor- 
tunity would be afforded for a study of the treatment of this disorder. 
In 1935 Ranson and Ingram ^ reported cases of postoperative elevation 
of body temperature following injury to the anterior portion of the 
hypothalamus in a series of monkeys operated on under anesthesia 
induced with soluble pentobarbital U. S. P. (pentobarbital sodium). It 
was noted that the hyperthermia did not commence until some hours 
after operation, when the animals had recovered from the anesthetic, 
and this suggested that pentobarbital might be an effective therapeutic 
agent for h}^erthermia. By 1938 investigation of the temperature- 
regulating mechanisms in the hypothalamus had progressed to the 
extent that it was possible to report the results of a series of controlled 
experiments in which lesions in the anterior portion of the hypothalamus 
of cats, operated on under ether, resulted in postoperative hyperthermia, 
which was reduced by the injection of soluble pentobarbital (Ranson 
and Clark®). It was stated®: 

The possibility tliat this drug [nembutal] might be useful in combating neuro- 
genic hyperthermia in man should receive the consideration of neurosurgeons. 

The clinical importance of the observation appeared to warrant 
further study, and the following report is concerned with the results 
of additional investigation of experimental hyperthermia and its treat- 
ment with pentobarlDital in a series of monke 3 "s. 

METHOD 

With use of the Horsley- Clarke technic (Ranson and with full aseptic 
precautions, bilateral electrolytic lesions were placed in the hypothalamic region 
of monkeys under ether anesthesia. After operation, the animals were confined 
in a hammock in a room at or a little above 80 F. A continuous record of their 
rectal temperature was obtained with a Leeds and Northrup micromax, and 
they were observed at frequent intervals over a period of twenty-four to forty- 

8. Ranson, S. W.. and Ingram, W. R. : Hypothalamus and Regulation of 
Body Temperature, Proc. Soc. Exper. Biol. & Med. 32:1439-1441, 1935. 

9. Ranson, S. W., and Clark, G. : Neurogenic Fever Reduced b}’' Nembutal, 
Proc. Soc. Exper. Biol. & Med. 39:453-455, 1938. 

10. Ranson, S. W. : On the Use of the Horsle}'-Clarke Stereotaxic Instru- 
ment, Psychiat. en neurol. bl. 38:534-543, 1934. 
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eight liours. In each case tlie body temperature fell after the induction of 
anesthesia, and while the animal was being prepared for operation. During the 
operation external heat was applied, and in many instances the temperature rose. 
The anesthetic and the external heat were discontinued at the end of the opera- 
tion, but the block marked ANES in the temperature charts includes the time 
required for recovery. The body temperature before and during the operation 
was influenced by the anesthetic and by the application of external heat, and 
only those changes which occurred after the termination of the operation can be 
regarded as significant. 

Tests of temperature regulation in the chronic state were made by placing 
tbe animal in an ice box at 32 F. or by confining it in a hotbox at 122 F, 
The monkey’s head and hands protruded from the hotbo.x so that observations 
could be made on sweating and respiration. Preoperative tests made on each 
animal served for comparison. At autopsy the location and extent of the lesions 
were verified by microscopic examination of serial sections through the hypo- 
thalamic region of the brain. 

TEMPERATURE REGULATION IN THE ACUTE STATE 

Control Experiments. — The disorders in temperature regulation to 
be described can best be appreciated against a background furnisbed by 
tbe acute postoperative course of 3 monkeys subjected to tbe same 
anesthetic and operative procedure, but in which tbe lesions were not 
in a position to affect the hypothalamic temperature-regulating 
mechanisms. The location of the lesions in these control animals was 
anterior (monkey 1, fig. 1), dorsal (monkey 2, fig. 2) and lateral 
(monkey 3, fig. 3) respectively to the preoptic region and tbe anterior 
portion of tbe hypothalamus. When placed in a room at 80 F. or above 
after operation, the animals either maintained their bod}’’ temperature 
within the normal range of 100 to 102 F. from the start (monkey 3, 
fig. 3) or did so after a transient fall to 97.6 F. (monkey 1, fig. 1) or 
98.6 F. (monkey 2, fig. 2). They subsequently exhibited normal 
temperature regulation throughout the period of survival. 

Fatal Hyperthermia . — In striking contrast to the controls, 9 other 
monkeys, in which symmetric, bilateral lesions were produced within the 
preoptic region or the anterior portion of the hypothalamus, exhibited 
severe, acute postoperative hyperthermia. In 2 animals of this group 
the hyperthermia was allowed to proceed without treatment, and the 
observations on these animals may first be presented. 

In monkey 4 the large bilateral lesion of the preoptic region shown in figure 
4B was produced. The postoperative course is illustrated in figure A A. The 
animal’s temperature was maintained between 101 and 101.5 F. during the opera- 
tion. One-half hour after operation, when the animal aiipeared to have fully 
awakened from the anesthesia, its temperature began to rise in almost a linear 
fashion and reached a peak of 109.1 F. five hours after operation. The animal 
then became comatose; its temperature fell gradually to 108 F., then rapidly to 
106.5 F., and it died. The heart rate, which remained between 200 and 230 per 
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Fig. 1 (monkey 1). — A, temperature chart; B, lesions in the brain. 

In this figure and in the accompanying figures, the following abbreviations 
are used: AC, anterior commissure; BP, basis pedunculi; C, caudate nucleus; 
CC, corpus callosum; F, fornix; GP, globus pallidus; IC, internal capsule; LV, 
lateral ventricle; MB, mamillary body; MI, massa intermedia; NR, red nucleus; 
OC, optic chiasm; OT, optic tract; P, putamen; SP, septum pellucidum; VA, 
nucleus ventralis anterior, and HI, third ventricle. 
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Fig. 2 (monkey 2). — A, temperature chart; B, lesions in the brain. 
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Fig. 3 (monkey 3). — A, temperature chart; B, lesions in the brain. 
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minute during the course of the operation and immediately thereafter, became ele- 
vated with the rise in temperature and reached a peak of 360 per minute just before 
death. The respiratory rate, which was between 50 and 65 per minute during the 
operative period, rose only slightly during the period of hyperthermia, to between 65 
and 80 per minute. With a rectal temperature of 108 F. the animal exhibited some 
shivering, and at 109 F. piloerection occurred. Though the trunk was warm and 
some rubor of the chest was observed, the extremities remained cold, and at no 
time during the hyperthermia did the animal sweat. 
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Fig. 5 (monkey 5). — A, temperature chart; B, lesions in the brain. 


In monkey 5 the large bilateral lesion of the preoptic region and the anterior 
part of the hypothalamus seen in figure 5B was produced. The postoperative 
course is charted in figure 5 A. The animal’s temperature was maintained 
between 101 and 102 F. during the operation. One and one-half hours after 
operation, when the monkey appeared fully awake, its temperature began to rise 
and four hours later had reached 106 F. During the next three hours the tem- 
perature did not vary greatly, but thereafter rose rapidly and reached 109.1 F. 
eleven hours after operation. At this time the animal became comatose, but 
remained alive another forty-five minutes, the temperature at death being 109.5 F. 
The heart rate, between 230 and 250 per minute during and shortly after opera- 
tion, showed some tendency to increase with tlie rise in temperature, the highest 
rate being 300 per minute. .A. slight increase in respiratory rate occurred. The 
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animal exhibited some piloerection and a little shivering during the latter part 
of the period of hyperthermia. Though the trunk felt very hot, the extremities 
remained cold, and the animal did not sweat. 

The cases of these 2 monkeys illustrate severe, acute hyperthermia 
following appropriately situated injury' to the temperature-regulating 
mechanism in the preoptic region and the anterior part of the hypo- 
thalamus. The rise in body temperature commenced one-half to one 
and one-half hours after operation, on recovery from the ether 
anesthesia, and proceeded to a peak above 109 F., when coma super- 
vened and the animals died, seven and twelve hours after operation. 

Reduction oj Severe Hyperthermia with Soluble Pentobarbital . — In 
each of 7 other monkeys of the group with severe, acute hyperthermia, 
soluble pentobarbital proved an effective agent in reducing the hyper- 
thermia, and with its aid 6 of the animals were brought through their 


Rasp A 30m«| 30 30 md. 30 

Pukjc r*.t« ? • pjotobarlnUl ?«nt&bs.rbiUl FtrtobArbiUl 





Fig. 6 (monkey 6). — A, temperature chart; B, lesions in the brain. 


turbulent postoperative periods to survival. In administering pento- 
barbital in these cases, it was first essential to allow the hyperthermia 
to proceed to a point at which it became clear that the rise in 
temperature was severe, and if left unattended would probably proceed 
to death. Second, it was necessary to administer the drug before the 
hyperthermia had developed to the point at which the animal could no 
longer recover. In the single case of fatality in this group, pentobarbital 
was not given until the body temperature had reached 107 F. ; in the 
remaining cases it was administered when the body temperature had 
reached 106 F. and as often thereafter as seemed desirable. The cases 
of each of the animals may be presented. 

Monkey 6 suffered a large lesion of the preoptic region and the anterior por- 
tion of the hypothalamus, and anemic softening extended the destruction into the 
adjacent basal ganglia and the internal capsule on each side (fig. 6 5). Two and 
one-half hours after operation (fig. 6/4) its temperature had risen to 106 F., and 
30 mg. of soluble pentobarbital was given intravenously. The temperature fell 
to 100.4 F., but eight hours after operation it had returned to 105.7 F. Thirty 
milligrams of soluble pentobarbital was again given, and the temperature fell to 
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101.2 F. Thirteen liours after operation the temperature had risen once more 
to 1057 R, and again 30 mg. of soluble pentobarbital was given, the temperature 
falling to 102.8 F. A fourth peak of 105.6 F. was reached nineteen hours after 
operation, and a fourtli injection of 30 mg. of soluble pentobarbital reduced tlie 
temperature to 102.4 F, The hyperthermia then appeared to have been definitely 
broken, though temperatures between 103 and 104 F. were subsequently encoun- 
tered as late as the afternoon of the second postoperative day. On the third 
and fourth postoperative days the animal’s temperature varied within the normal 
range, between 100.4 and 102.2 F. Because of its poor condition, which was 
attributed to the extensive lesion, the animal was killed on the fourth postopera- 
tive day. 

In monkey 7 a small bilateral lesion of the preoptic region and the anterior 
portion of the hypothalamus was produced (fig. 7 B). As seen in figure 7 A, two 
hours after operation its temperature had risen to 106 R, and 40 mg. of soluble 
pentobarbital was given intravenously. The temperature fell to 103 F., but nine 
hours after operation it had again risen to 106.6 F. Forty milligrams of soluble 



pentobarbital was again administered, and the temperature once more fell to 
103 F. Twelve and sixteen hours after operation the animal’s temperature had 
reached the third and fourth peaks, respectively, between 105 and 106 F., but on 
these occasions, with the back of the hyperthermia broken by pentobarbital, cold 
sponging proved effective in reducing the temperature. A fifth elevation, to 
105.5 F., was encountered twenty-one hours after operation, but the temperature 
gradually fell without treatment, and on the second postoperative day the reading 
of 102,6 F. was almost within the normal range. The animal survived without 
further incident, and the results of subsequent tests of its temperature regulation 
in the chronic state will be presented in a later section. 

In monkey 8 a small bilateral lesion of the preoptic region was produced 
(fig. SB). Two hours after operation (fig. 8 A) its temperature had risen to 
106 F. and 40 mg. of soluble pentobarbital was given intravenously. The tem- 
perature fell to 102 F., but six hours after operation it had again risen to 
106 F. Then 52 mg. of soluble pentobarbital was administered intraperitoneally, 
and a decided drop in temperature, to 98.2 R, resulted. Thirteen hours after 
operation the temperature had again risen to 105 F., but from this level it fell 
without further treatment to between 103 and 104 F. On the second postopera- 
tive day the hyperthermia was still present, and the animal was found in the 
morning with a temperature of 105.8 F. This was reduced by cold packing to 
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102.2 F., and the subsequent course of the animal was uneventful. Tests of its 
temperature regulation in the chronic state will be given later. 

In monkey 9 a small preoptic lesion (fig. 9 B) resulted three hours after 
operation in a temperature of 106.1 (fig. 9 A). Forty milligrams of pentobarbital 
was given intravenously, and the temperature fell to 101.4 F. It subsequently 
rose to 105.8 F., but waned gradually and varied between 104 and 105 F., with- 
out further treatment, for about twenty-four hours after operation. The further 
course of the animal was uneventful, and the results of tests of temperature 
regulation in the chronic state will be given later. 




Monkey 10 suffered a lesion of the preoptic region and the anterior portion 
of the hypothalamus (fig. 10 F). The hyperthermia was more gradual than usual 
(fig. 10^) but reached 106.1 F. seven hours after operation. Then 35 mg. of 
soluble pentobarbital was given intravenously, and the temperature fell to 103.6 F. 
Subsequent administration of 35 mg. of soluble pentobarbital subcutaneously had 
little further effect, but with cold packing eleven hours after operation the tem- 
perature was reduced to 102 F. and did not again rise greatly. The chronic 
course of the animal will be discussed later. 

In monkey 11 a large lesion of the anterior part of the hypothalamus was 
produced (fig. 11 B). Five hours after operation (fig. 11/1) the temperature had 
risen to 106 F., and 35 mg. of soluble pentobarbital given half intravenously and 
half subcutaneously, resulted in a fall to 103 F. On a subsequent rise to 104 F., 
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35 mg’, of soluble pentobarbital was twice administered subcutaneously, with no 
immediate effects, but with a gradual fall to 102’ F. The animal's further course 
will be considered later. 



l-ig. 10 (monkey 10).— /I, temperature chart; B, lesions in the brain. 




Fig. 11 (monkey 11). — A, temperature chart; B, lesions in the brain. 
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Fig. 12 (monkey 12). — A, temperature chart; B, lesions in the brain. 

Monkey 12 suffered a large lesion of the anterior and tuberal parts of the 
hypothalamus (fig. 12 5). Six hours after operation (fig. 12 A) the temperature 
had risen to 105.9 F., from which point it gradually fell to 104.6 F. and then slowly 
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rose to reach 107 F. nineteen hours after operation. Then 40 mg. of soluble 
pentobarbital was administered intraperitoneally, and though the temperature fell 
to 102.2 F., the animal died three and one-half hours later. Autopsy showed 
no gross pathologic change, and death was attributed to the hyperthermia, which 
apparently was allowed to proceed for too long a time and to too high a level 
before treatment. 

These animals taken as a group provide a clearcut demonstration 
of the efficacy of soluble pentobarbital as a therapeutic agent in reducing 
and controlling acute neurogenic hyperthermia. It is thought that the 
single fatality, that of monkey 12, to which pentobarbital was not 
administered until nineteen hours after operation, when the animal’s 
temperature was 107 F., could have been avoided if the drug had been 
given earlier. 

In monke3^s 6 to 12 of this group, as well as in animals 4 and 5, 
piloerection and shivering were frequently noted during the course of 
the hyperthermia; the extremities remained cold, and no sweating 
occurred. The picture was one of paralysis of heat loss activity, with 
maintenance of action of heat conservation mechanisms. On adminis- 
tration of pentobarbital during the course of the hyperthermia, it was 
repeatedly observed that piloerection was relaxed, shivering ceased and 
the extremities became warm after injection. It seems clear, therefore, 
that at least a part of the effect of pentobarbital in reducing hyperthermia 
is to be attributed to its suppression of heat conservation activity. It 
may be pointed out, also, that in each experiment the hyperthermia was 
associated with an increase in the pulse and usually in the respiratory 
rate, alterations indicative of an increase in the metabolic processes of 
the body. It is not certain whether this increase was the cause or the 
result of the rise in body temperature, but it can be seen from the charts 
that in each case, after the injection of pentobarbital, the pulse and 
respiratory rates fell notably, and before body temperature had shown 
a great decline. It seems likely that, in addition to its suppression of 
heat conservation, pentobai'bital also suppresses heat production. 

The doses of soluble pentobarbital effective in reducing experimental 
hyperthermia were not large, 30 and 40 mg. in monkeys weighing 3 to 
3.75 Kg. giving good results. These doses amount to approximately 
10 to 12 mg. per kilogram, and are roughly one third of the usual dose 
of soluble pentobarbital required for surgical anesthesia in the monkey. 
The result in a single instance of injection of 52 mg. of soluble pento- 
barbital, or 17 mg. per kilogram, suggests that this quantity was some- 
what excessive, for body temperature was reduced below normal. 
Three instances of subcutaneous injection, without effect or with only 
a very gradual fall in temperature, suggest that the constriction of 
peripheral vessels, which is one of the features of the hyperthermia, 
prevented or delayed the absorption of pentobarbital given sub- 
cutaneously and that intravenous or intraperitoneal injection is indicated. 
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Mild or Brief Hyperthermia . — In 7 experiments acute postoperative 

rises in temperature were encountered which either did not proceed 

as high or did not continue as long as in the experiments already- 

presented. A group of 5 of these experiments may be distinguished in 

which lesions were placed in tlie preoptic region and the anterior portion 

of the hypothalamus, but in which the damage to the two halves of the 

brain was notably asymmetric. The animal which presented the highest 

rise in temperature of any of this group may be taken as an example. 

/ 

In monkey 13 the lesion (fig. 13 B) was situated in the preoptic region and 
the anterior portion of the hypotlialannis but was asymmetric, so tliat the entire 
medial part of tlie left side and much of the lateral portion of tlie right side of 
this region were spared. The temperature rose abruptly (fig. 13^), to reach 
105.8 F. three and one-half hours after operation, and then declined, to reach 
normal limits seven hours after operation. In the other animals with asj'mmetric 



Fig. 13 (monkey 13). — A, temperature chart; B, lesions in the brain. 


lesions the rises in temperature were not as high, the peaks being 105.4, 105, 
104.9 and 103 F. respectiveb". 

It seems reasonable to ascribe the mild nature of the hyperthermia in 
this group of animals to incomplete destruction of the bilaterally' dis- 
tributed mechanism for heat loss as a result of the asymmetric position 
of the lesions. In the 2 remaining animals the absence of marked and 
prolonged hyperthermia could be attributed to associated impairment of 
heat conservation facilities as a result of coincident injury to more caudal 
regions of the hypothalamus. 

In monkey 14 tlie lesion was located more caudally than in the animals already 
considered, in the tuberal region of the hypothalamus (fig. 14 B). The animal’s 
temperature (fig. 14 A) was not maintained well during the course of the opera- 
tion and at its conclusion was only 97 F. The temperature climbed rapidly to 
within normal limits and then increased gradually, to reach a peak of 103 F. 
eight hours after operation. It then declined to within normal limits. In a 
second similar case there was a rise to 104 F. Tests of temperature regulation 
ill the chronic state will be given later. 
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Postoperative Hypothermia. — In 2 animals of the present series a 
progressive fall in body temperature was encountered after operation. 
The lesions in these animals Avith h3^pothermia were subsequentlv 
observed to be located more caudalty than was intended, in the tubera! 
and the anterior mamillan* region of the h3'pothaIamus. Monke3'- 15 is 
an example. 

In monkey 15 the lesion was situated in the tuberal part of the hypothalamus 
(fig. 15 B) and extended backward to terminate above the mamillary bodies. 



Fig. 14 (monkey 14). — A, temperature chart; B, lesions in the brain. 
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Fig. IS (monkej'’ 15). — A, temperature chart; B, lesions in the brain. 


The animal's temperature (fig. 15^) was 101.2 F. at the conclusion of the opera- 
tion. When the animal was placed in a room at 80 F., its body temperature fell 
to 98.5 F. during the period of recovery from the ether anesthesia. Then, instead 
of rising to a normal level, as in the control animals, or becoming further ele- 
vated, as in the animals with hyperthermia, this animal’s temperature continued 
to fall gradually, and from eight to ten hours after operation it ranged between 
96 and 97 F., even though artificial heat was applied. The deficient temperature 
regulation in the chronic state will be discussed later. 

General Consideration of the Acute Postoperative Results.— Beiore 
proceeding further, it is of interest to assemble the obserr^ations during 
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the acute postoperative period and to consider them from the point of 
view of the distribution of the lesions in the preoptic region and the 
hypothalamus. In each case the area of the lesion was projected on a 
reconstruction of the midsagittal plane; the projections from 2 control 
animals (monkeys 1 and 2), from all of the animals with severe hyper- 
thermia (monkeys 4 to 12) and from an animal with postopei’ative 
hypothermia (monkey 15) are shown together in figure 16 .<4. 

The lesions in hyperthermic monkeys 4 to 12 (shaded in figure 16 A) 
are seen to be clustered in the preoptic region and the anterior portion 
of the h)’’pothalamus and to be distributed chiefly between the anterior 
commissure and the optic chiasm. Since destruction of this region was 
followed by a severe postoperative rise in temperature, in the course of 
which heat loss activity remained paralyzed, it is reasonable to conclude 




Fig. 16. — A, outlines of lesions in the brains of monkeys 1, 2, 4 to 12 and IS 
projected on a drawing of a medial sagittal section of the brain. 

B, projection on a medial sagittal section of a monkey’s brain of the center 
which responds to local heating by activating the heat loss mechanisms. The 
stippled area represents the main part of the center, which is surrounded by a 
less active region enclosed by the broken line. 

that within this region are situated neural mechanisms essential for the 
initiation and regulation of processes for body cooling. 

Further evidence for this view, derived from a different experimental 
approach, is presented in figure 16 B, which depicts as projected on the 
midsagittal plane the region of the monkey’s brain the local heating of 
which results in activation of heat loss mechanisms. It has been shown 
by Beaton, McKinley, Berry and Ranson that in the anesthetized 
monkey warming this region with high frequency current passed between 

11. Beaton, L. E.; McKinley, W. A.; Benx C. M., and Ranson, S. W.: 
Localization of Cerebral Center Activating Heat-Loss Mechanisms in Alonkeys, 
J. Neurophysiol. 4:478-485, 1941. 
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the tips of otherwise insulated electrodes results in excess sweating, vaso- 
dilatation and accelerated respiration, which give every appearance of 
being identical with the integrated response of the normal animal to an 
elevated environmental temperature. The reconstructed aspect of this 
heat-sensitive area (fig. \6B), not hitherto presented, is included here 
for comparison with the distribution of lesions which, in monkeys 4 
to 12 of the present investigation (fig. 16 A), were followed by severe 
postoperative hyperthermia. The distribution of the two regions coin- 
cides closely, and the two lines of evidence complement one another in 
a fashion which points to a single conclusion, namely, that the preoptic 
region and the anterior region of the hypothalamus are the site of a 
center for heat loss. 

It seems clear that the hyperthermia which followed injury to the 
preoptic region and the anterior end of the hypothalamus in these experi- 
ments is to be attributed to the destiaiction of a specific neural 
mechanism for heat loss located within this area, and not to the inter- 
ruption of long pathways which might simply be passing through this 
part of the brain from other levels. Lesions in monkeys 1 and 2, located 
anterior and dorsal to the preoptic region and the anterior part of the 
hypothalamus (fig. 16), were not followed by hyp.erthermia, nor did 
hyperthermia follow the laterally placed lesions in monkey 3 (fig, 3), 
The caudal lesion in monkey 15 (fig. 16 A) was followed by post- 
operative hypothermia, due, undoubtedly, to injury of the heat conser- 
vation mechanism, which Ranson, Fisher and Ingram and Ranson 
have shown to be most effectively thrown out of function by lesions of 
the posterior portion of the hypothalamus. 

Descending pathways from the anterior portion of the hypothalamus 
were also interrupted by the lesions' in monkey 15, and the animal 
exhibited chronic impairment in the ability to defend itself against 
overheating. This result suggests that there is more to the etiology of 
hyperthermia than simply the destruction of the heat loss mechanism. 
Pertinent observations derived from tests for temperature regulation in 
the chronic state made on all surviving monkeys may be presented before 
the problem is considered further. 

TEMPERATURE REGULATION IN THE CHRONIC STATE 

Control Animals . — As has already been mentioned, monkeys 1, 2 
and 3, with lesions anterior, dorsal and lateral, respectively, to the 
preoptic region and the anterior portion of the hypothalamus, showed 

12. Ranson, S. W.;. Fisher, C., and Ingram, W. R.: Hypothalamic Regula- 
tion of Body Temperature in the Monkey, Arch. Neurol. & Psychiat. 38:445-466 
(Sept.) 1937. 

13. Ranson, S. W. ; Regulation of Body Temperature, A. Research Nerv. & 
Ment. Dis., Proc. (1939) 20:342-399, 1940. 
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no impairment in temperature regulation in the chronic state. When 
tested from four to five weeks after oijeration, they exhibited good pilo- 
erection and violent shivering on exposure to cold and profuse sweating 
on exjDOSure to heat, at thresholds of body temperature which were 
similar to those encountered in preoperative tests. 

Animals with Severe Hyperthermia . — Five of the monke 3 'S with 
severe hyperthermia in the acute postoperative period were tested in the 
chronic state. Two of these animals showed chronic impairment in the 
abilit}'^ to defend themselves against overheating, with maintained, 
though not perfecti}'’ normal, ability to guard against excessive cooling. 

Monkey 11, with tlic large lesion in the anterior portion of the hypothalamus, 
shown in figure 11, was kept for five weeks after operation. During this time 
the animal showed a tendency to a slightly subnormal or considerably elevated 
temperature, according to whether the environmental temperature was low or 
high. The temperature regulation was tested on two occasions, three and five 
weeks after operation. At both trials the atiimal sliowed marked pilocrection and 
vigorous shivering on e.xposure to cold, but on neither occasion did it sweat or 
exhibit vasodilatation on exposure to heat, even though the rectal temperature 
was elevated in the trials to 105.5 and 105.7 F. Similar results were encoun- 
tered in monkey 10. 

The 3 remaining animals with initial severe hyperthermia, monkeys 7, 8 and 9, 
showed normal regulation to both heat and cold in the chronic state. The lesions 
in these animals (figs. 7 to 9) were small, sparing some of the lateral and a 
considerable amount of the medial part of the prcoptic region. When the lesion 
was viewed in reconstruction, it was evident, also, that the injury did not extend 
as far caudally into the anterior portion of the hypothalamus as did the larger 
lesions in monkej's 10 and 11. It is suggested tliat the heat loss mechanism was 
initially thrown completely out of function by the partial destruction of the pre- 
optic region and the anterior portion of the hypothalamus in monke}'s 7, 8 and 9, 
but that the margin of safety in this mechanism was sufficiently great for the 
remaining parts to maintain normal heat loss function in the chronic state. The 
enduring paralysis of heat loss activity with the more extensive destruction of 
the preoptic region and the anterior portion of the hypothalamus in monkeys 10 
and 11 argues against a compensatory function being assumed by some other part 
of the brain. 

Animals ivith Mild Hypcrthei-mia . — Normal or only slightly sub- 
normal heat regulation in the chronic state in the 5 monkeys with 
asymmetric lesions of the preoptic region and the anterior portion of 
the hypothalamus, of which monkey 13 (fig. 13) is an example, also 
suggests that while partial injury to the heat loss mechanism is sufficient 
to impair its function more or less completely in the acute period, in 
the chronic state the uninjured parts will maintain normal, or almost 
normal, activity. 

Monkey 14, as well as a' second similar animal, which exhibited mild hyper- 
thermia after symmetrically placed lesions in the tuberal portion of the hypo- 
thalamus (fig. 14), maintained normal body temperatures under laboratory 
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conditions during its survival of five weeks. Tests of regulation against heat made 
two and five weeks after operation showed complete loss of sweating, though 
the body temperature was elevated to 106.1 F. in both trials. A test of regula- 
tion against cold five weeks after operation showed an impaired reaction, with 
only slight piloerection and shivering. The paralysis of heat loss function, which 
remained as extreme as in the animals with destruction of the preoptic region 
and the anterior portion of the hypothalamus, indicates that the mechanism for 
heat loss cither extends into the tuberal part of the hypothalamus or sends its 
efferent pathway backward through the lateral part of this region. This animal’s 
failure to exhibit more pronounced hyperthermia in the acute postoperative period 
maj' be attributed to the coincident injury of the heat conservation mechanism, 
indicated by its impaired regulation against cold in the chronic state. 

Animals zvifh Postoperative Hypothermia . — Monkey 15, and a 
second similar animal, which exhibited acute postoperative hypothermia 
after lesions of the tuljeral and anterior mamillary parts of the hypo- 
thalamus (fig. 15), did not regain the ability to keep the body temper- 
ature up to the normal level under ordinary laboratory conditions. 
During a survival of three weeks monkey 15, which was kept much of 
the time in an incubator at 86 F., frequently exhibited temperatures as 
low as 95 F. No shivering or piloerection was ever observed, even in 
response to extreme cold. On exposure to heat three weeks after 
operation, reddening of the chest was noted, but no sweating occurred, 
though the body temperature was elevated to 105.5 F. In the second 
animal neither sweating nor vasodilatation occurred, though the animal’s 
temperature was elevated to 106.8 F. 

The paralysis of heat loss activity in these 2 animals may be 
attributed to interruption of the efferent pathway for heat loss 
descending from more anterior levels of the hypothalamus. It seems 
unlikely that the heat loss mechanism itself extends into the caudal 
part of the hypothalamus, for heat loss activity may be abolished by 
more anterior lesions, which leave the caudal ■ portion of the hypo- 
thalamus intact ( see report on monkey 11). With the heat loss 
mechanism paralyzed, the failure of monkey 15 and its mate to exhibit 
postoperative hyperthermia may be ascribed to coincident paralysis of 
the heat conservation mechanism, the activity of which appears essential 
for the acute postoperative elevation in temperature. When the latter 
mechanism was infringed on by tuberal lesions (monkey 14), only mild 
hyperthermia resulted. When it was destroyed (monkey 15), not only 
did the temperature fail to rise after operation, but hypothermia resulted. 
In another paper evidence was presented to show that hypothermia 
regularly results from bilateral lesions in the posterior part of the hypo- 
thalamus ( Ranson ^^ ) . 

The fall of body temperature after a lesion in the posterior portion 
of the hypothalamus and that after the injection of pentobarbital appear 
to have a common basis, a block of the heat conseiwation mechanism. 
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This raises the question whether the antipyretic action of pentobarbital 
may not be effected at the hypothalamic level. Without any rash com- 
mitments, it can be pointed out that Fulton, iMasserman and Hodes 
and Magoun have reported a decrease of hypothalamic excitability 
during anesthesia induced with pentobarbital. 

COMMENT 

At least two factors appear to be operative in the production of 
postoperative h^qjerthermia. First, the heat loss mechanism must be 
thrown out of function. Second, and just as important, the heat con- 
servation mechanism must retain its activity. In these experiments, 
observ'^ations on the monkeys revealed increased activity of the heat 
conservation mechanism during hyperthermia, but this increase was 
not always maximal or continuous. Coldness of the extremities was 
an enduring feature; piloerection and shivering occurred only inter- 
mittentl}'^ and were never extreme in degree. The question, therefore, 
may be raised whether a third factor, that of increased heat production, 
is also operative during the period of hyperthermia. Calorimetric tests 
would be necessary for a definite answer to this question, but observation 
of increased pulse and respiratory rates, indicative of increased metabolic 
activity, is suggestive. If increased heat production is an essential part 
of severe Ityperthermia, it, too, would appear to be dependent on the 
integrity of the caudal part of the hypothalamus. 

Little attention has heretofore been directed to the reasons for the 
disappearance of the acute postoperative hyperthermia. The increased 
activity of the heat conservation, and possibly also of the heat production 
mechanism, which appears to be the active feature of this disorder, is 
for some reason only short lasting. In the surviving animals in the 
present study, the elevation of body temperature never persisted be3’-ond 
the second postoperative day. Its abatement is not necessarily to be 
ascribed to recovery of heat loss activity, for in acutely hyperthermic 
monkeys 10 and 11 the paralysis of this activity endured for several 
weeks. It is possible that surrounding the lesions which destro)’- the 
heat loss mechanism in the preoptic region and the anterior portion of 
the hypothalamus is a zone extending into the posterior part of the 
hypothalamus in which edema, or a concentration of breakdown 
products, or some other unknown agent, exerts a short-lasting (one or 

14. Fulton, J. F. : Physiology of the Nervous System, New York, O.xford 
University Press, 1938. 

15. Masserman, J. H. : Effects of Analeptic Drugs on the Hypothalamus of 
the Cat, A. Research Nerv. & Ment. Dis., Proc. (1939) 20:624-634, 1940. 

16. Hodes, R., and Magoun, H. W. : Autonomic Responses to Electrical 
Stimulation of the Forebrain and Midbrain with Special Reference to the Pupil, 
J. Comp. Neurol. 76:169-190, 1942. 
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two day) indtation. It is also possible that reciprocal inhibitoi*y con- 
nections exist between the hypothalamic mechanism for heat loss and 
that for heat conservation, so that destruction of the first is associated 
with exaggerated activity of the second, as a short-lasting release 
phenomenon. 

The present study has provided ample demonstration in monkeys 
of a sharp postoperative rise in body temperature following injury to 
the anterior region of the hypothalamus. During the rise in temperature 
there are absence of sweating, a warm trunk but cold extremities, 
pronounced tachycardia and some hyperpnea and intermittent pilo- 
erection and shivering. If the animal is left untreated, the temperature 
may rise to a fatal level. The disorder constitutes acute neurogenic 
hyperthermia, and we see no reason to distinguish it from the hyper- 
thermia which frequently follows acute injury to the hypothalamic 
region in man. 

The evidence points to a twofold cause of experimental hyperthermia. 
The disorder involves, first, paralysis of the central mechanism for heat 
loss and, second, the maintained or increased activity of the central 
mechanism for heat conservation, and perhaps also for heat production. 
The combination of these conditions results in an elevation of body 
temperature which the animal is powerless to dissipate. The normal 
balance of the temperature-regulating mechanisms is lost, and the scale 
is weighted toward the side of heat conservation and heat production. 
Attempts to control the disorder by the administration of central-acting 
antipyretics which normally excite the heat loss mechanism might be 
expected to fail, because paralysis of the central mechanism for heat loss 
is one of the precipitating features of the condition. 

Compelling evidence has been presented in this study for the value 
of soluble pentobarbital in reducing and controlling experimental hyper- 
thermia. The administration of pentobarbital appears to correct the 
imbalance in the temperature-regulating mechanisms by suppressing the 
activity of the mechanism for heat conservation and heat production. 
After injection of soluble pentobarbital during hyperthermia in these 
experiments, piloerection was relaxed and shivering ceased; the cold 
extremities became warm, and the pulse and respiratory rates were 
decreased. The body temperature fell to a normal level, or, with greater 
concentrations of pentobarbital, to a subnormal level. A single injection 
of soluble pentobarbital was effective in reducing body temperature for 
a period of only three to six hours, but because the effective doses were 
of hypnotic, rather than of anesthetic, concentration, repeated doses 
could be administered. 

We should like to suggest that the striking efficacy of soluble pento- 
barbital in reducing experimental hyperthermia in the monkey warrants 
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its trial in the treatment of neurogenic liyperthermia following acute 
injury to the brain in man, the incidence of which in these times may 
be expected to be increased. 

SUMMARY 

Bilateral injuiy to the rostral region of the hypothalamus in a series 
of monkeys results in an acute postoperative rise in body temperature, 
which if untreated proceeds to a fatal level. 

This experimental hyperthermia is the result of central paralysis 
of the heat loss mechanism, associated with maintained or exaggerated 
activity of the central mechanism for heat production and heat con- 
servation. 

Intravenous administration of soluble pentobarbital (pentobarbital 
sodium) during the course of the h3'perthermia suppresses the activit)' 
of the mechanism for heat conservation and heat production and reduces 
body temperature to the normal level, ^^^len administered subcuta- 
neously, pentobarbital is relatively ineffective. 

The striking efficacy of pentobarbital in reducing experimental 
hyperthermia in the monkey warrants its trial in the treatment of neuro- 
genic hyperthermia following acute injur}'- to the brain in man. 

303 East Chicago Avenue. 
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In previous investigations with standardized curare “ one of us 
(A. E. B.) has called attention to the similarit}^ of the action of curare 
and the S 3 anptoms of myasthenia gravis. After these clinical observations 
we discovered the same hypothesis had been suggested by others : Oppen- 
heim ^ in 1901 observed that “veratrine evoked in muscles a condition 
analogous to myasthenia” ; Briscoe in 1936 showed that mild curariza- 
tion produced a myogram similar to that of myasthenia gravis, and 
later Harvey and his co-workers ® confirmed this similarity and stated, 
“The characteristic abnormalities of the electrical responses of the 
myasthenic and curarized muscle are identical in all respects.” From 
the analogy between myasthenia gravis and partial curarization he sug- 

From the Department of Neuropsj^chiatric Research, Bishop Clarkson Memorial 
Hospital, and the Department of Neurology of the University ,of Nebraska College 
of Medicine. 

Read at the Sixty-Eighth Annual Meeting of the American Neurological 
Association, Chicago, June 5, 1942, and presented as a motion picture (scientific 
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Annual Session of the American Medical Association, Atlantic City, N. J., 
June 10, 1942. 
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Convulsive Shock Therapy, Am. J. Psychiat. 97:1040 (March) 1941; Clinical 
Investigations with Curare in Organic Neurologic Disorders, Am. J. M. Sc. 202: 
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(Dec.) 1941. 
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gested the hypothesis that a circulating inhibitor substance may arise from 
the thymus gland. Harvey and his associates ” concluded : 

All of the experimental work, therefore, points to the similarity of myasthenia 
to a mild curarization ; it thus seems likely that the defect in the disease, as in 
curarization, is due to an elevation of the threshold of the motor end-plates to the 
effects of the nerve impulses reaching them. 

In myasthenia gravis there is some interference in transmission of 
nerve impulses across the myoneural junction; there may also be some 
disorder of muscle metabolism. Since acetylcholine (Dale, Feldberg and 
Vogt is the chemical mediator of neuromuscular transmission, some 
abnormality in the action of acetylcholine seems likely in myasthenia 
gravis. Physostigmine (Walker ®), which restores normal neuromuscular 
performance in most myasthenic patients, is known to hinder destruction 
of acetylcholine by choline esterase. There seems to be no direct 
evidence that acet3dcholine is lacking or destroyed in cases of myasthenia. 
We have found that intravenous administration of acetylcholine does not 
improve m3''asthenic symptoms; this suggests there is no deficiency of 
acet3dcholine in m3’^asthenia gravis. However, Lanari,“ giving acet3d- 
choline intra-arteriall3’’, obtained contraction of m3’^asthenic muscle. There 
is no increase in choline esterase either in the serum or in muscle to 
account for an increased destruction of acetylcholine. Therefore the 
evidence of any deficienc3'’ of acet3dcholine in the disease is inconclusive.^® 

Keisser and Neuschlab demonstrated that curare inhibits the 
action of acetylcholine. The principle of the antagonistic action of curare 
and acet3dcholine on a frog gastrocnemius muscle preparation can be 
used as a method of assay of the potency of curare. According to Hola- 
day, addition of acetylcholine to a frog gastrocnemius muscle preparation 
produces a contraction which if recorded isometricall3'^ furnishes a refer- 
ence height for comparison with a decreased height of contraction obtained 
through the inhibitory effect of a solution of curare. Curare thus seans to 
raise the threshold of muscle contraction to acetylcholine ; according to 

6. Gammon, G. D. ; Harvey, A. M., and Masland, R. L. : On the Nature of 
Certain Diseases of the Voluntary Muscles, Biological Symposia, Lancaster, Pa., 
Jacques Cattell Press, 1941, vol. 3, pp. 292-297. 

7. Dale, H. H. ; Feldberg, W., and Vogt, M. : Release of Acetylcholine at 
Voluntary Motor Nerve Endings, J. Physiol. 86:353 (May 4) 1936. 

8. Walker, M. B. : Case Showing Effect of Prostigmin on Myasthenia Gravis, 
Proc. Roy. Soc. Med. 28:759 (April) 1935. 

9. Lanari A. : A Pharmacologic Study of the Myotonic Muscle, Arch, internat. 
de pharmacodyn. et de therap. 61:360 (March 31) 1939. 

10. McGeorge, M. : Choline Esterase Activity in Disease, with Special Refer- 
ence to Myasthenia Gravis, Lancet 1:69 (Jan. 9) 1937. 

11. Keisser, O., and Neuschlab, S. M. : Antagonism of Acetylcholine and 
Curare, Arch. ’f. exper. Path. u. Pharmakol. 91:356, 1921. 
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Harvey, it inhibits muscular action by altering the threshold of muscle 
response to acetylcholine. These observations have also been reported in 
experiments by Hodes and Steiman.^“ Harris and Harris found that 
very small amounts of curare have a pronounced inhibitory effect on 
choline esterase activity of human serum; this observation has been 
confirmed by other investigators.^^" Chronaxia is increased both in 
myasthenic and in curarized muscle according to Djuricic and Vujic.^’^ 
After injection of prostigmine methylsulfate it is decreased. 

There is some evidence in favor of an additional primary disturbance 
of muscle metabolism. There is a decided increase in potassium in myas- 
thenic muscles according to Cumings ; prostigmine produces a fall 
in the amount of muscle potassium, with a rise in the potassium of the 
serum and the red blood cells but with no increase in urinary excretion. 
The administration of potassium in large amounts benefits myasthenic 
patients. An increased potassium ion concentration tends to improve 
conduction at nerve terminals in voluntary muscle. Ephedrine and 
guanidine hydrochloride^*' seem to increase the sensitivity of striate 
muscle to acetylcholine and to relieve the asthenia and paretic symptoms 
of the disease but do not affect choline esterase activity. Stare and 
Ricketts found that myasthenic muscles consume less oxygen than do 
normal muscles. Injection of prostigmine methylsulfate increases the con- 
sumption of oxygen, which suggests some abnormality in intermediary 
metabolism. 

Other evidence of primary muscle disorder in the disease is suggested 
by Milhorat’s observations that with advanced stages of myasthenia 

12. Hodes, R., and Steiman, S. E. : The Effects of Acetylcholine and Eserine 
on Frog Muscle, Am. J. Physiol. 127:470-479 (Oct.) 1939. 
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15. Cumings, J. N. : Potassium and Muscular Disorders, J. Neurol. & Psychiat. 
4:226 (July-Oct.) 1941. 

16. Minot, A. S. ; Dodd, K., and Riven, S. S. : Use of Guanidine Hydrochloride 
in Treatment of Myasthenia Gravis, J. A. M. A. 113:553 (Aug. 12) 1939. 

17. Stare, F. J., and Ricketts, H. T.: The in Vitro Respiration of Muscle in 
Myasthenia Gravis, personal communication to the author. 

18. Milhorat, A. T. ; Studies in Diseases of Muscle, Arch. Neurol. & Psycliial. 
46:800 (Nov.) 1941. 
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prostigmine has practical!}' no eflfcct or else increasing amounts are 
necessary to depress the choline esterase to lower levels. This phe- 
nomenon was limited to the response of voluntary muscles, which became 
increasingly refractory to stimulation. No diminishing effect of prostig- 
mine on the activity of choline esterase was demonstrated. In the terminal 
stages of myasthenia patients showed serious involvement of creatine 
metabolism, which had been normal before. For these patients adminis- 
tration of prostigmine was ineffective ; in other seriously ill patients who 
responded to prostigmine the creatine was normal. 

None of these mechanisms is completely understood. According to 
Goodman and Gilman : 

The pathological phj'siology of myasthenia maj' be due to: (1) a deficiency 
in the amount of acetylcholine produced at motor nerve endings, (2) an increase in 
muscle choline esterase, and (3) the existence of some abnormal substance or 
metabolite with a curare-like action which elevates the threshold of skeletal muscle 
to the effects of nerve stimuli ; which of these factors is involved is not known. 

Because curarization produces all the manifestations of myasthenia 
and myasthenic patients are exceedingly sensitive to the drug, it appears 
likely that some foreign substance similar in chemical action to curare 
initiates myasthenia by inhibiting or neutralizing the action of acetyl- 
choline. 

Quinine, which has a weak curare-like action, also aggravates myas- 
thenia and relieves the opposite condition, myotonia congenita. Milhorat 
expressed the opinion that the action of quinine suggested the nature 
of the disease and could be used in diagnosis ; this confirms our conten- 
tion, but the specific action of standardized curare is more accurate. 
Harvey and we have likewise demonstrated that quinine metho- 
chloride produces a myasthenic reaction, the effects of which are relieved 
by prostigmine. 

The pharmacologic action of curare is entirely on the neuromuscular 
junction; it inhibits, anatognizes or blocks acetylcholine and practically 
abolishes the transmission of nerve impulses. Physostigmine is a specific 
antidote for curare intoxication. The symptoms produced in the patient 
bv varying doses of curare are exactly those of myasthenia gravis ; they 
progress according to dosage, just as myasthenia progresses from mild to 
severe stages and end in paralysis of the respiratoiy muscles. In other 
words, curare poisoning produces artificial myasthenia gravis. 

19. Goodman, L., and Gilman, A. ; The Pliarmacological Basis of Therapeutics, 
New York, The Macmillan Company, 1941, p. 342. 

20 Harvey, A. M. : The Action of Quinine Methochloride on Neuromuscular 
Transmission, Buil. Johns Hopkins Hosp. 66:52 (Jan.) 1940. 

21. Bennett, A. E., and Cash, P. T. : Curarization with Quinine Afethochloride 
to Prevent Traumatic Complications of Metrazol Shock Therapy, Ps 3 'chiatric Quart. 
15:351 (April) 1941. 
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These observations indicate that the myasthenic patient would exhibit 
an increased degree of sensitivity to curare. We have found this to be 
true. In 5 patients with myasthenia gravis, all showing decidedly differ- 
ent stages of the disease, we found that one twentieth to one fifth (5 to 
.15 mg.) of the average adult dose of standardized curare necessary to 
produce generalized paresis in a normal subject causes profound exag- 
geration of symptoms in myasthenic patients. The results of these studies 
have been recorded in motion pictures. From these observations we 
have concluded that curare can be safely used as a specific diagnostic test 
for myasthenia gravis, just as prostigmine methylsulfate is now used 
in the opposite direction, but is not always conclusive. In doubtful 
cases in which the response to the prostigmine test is indefinite we believe 
curare will produce a more specific reaction. 

These observations suggest that the etiologic agent in myasthenia 
gravis is some form of curare intoxication. Possibly with overactivity 
of the thymus gland there is elaborated a substance which has a curare- 
like action, similar to that of thyroxin in exophthalmic goiter. The 
evidence for this assumption is the fairly constant pathologic observation 
at necropsy of enlargement or tumor of the thymus,^® the relief of 
myasthenia b}'- irradiation of the thymus and thymectomy and Adler’s““ 
observations on experimental muscular weakness resembling myasthenia 
in young animals with thymus gland transplants. These symptoms 
were relieved by prostigmine. Adler also produced asthenia with extracts 
of the thymus gland. Indirect evidence is the common association of 
exophthalmic goiter and myasthenia."® Mild myasthenia occurs in cases 
of exophthalmic goiter, in which it is known that the thymus gland 
hypertrophies. Both myasthenia and hyperthyroidism have been relieved 
by thyroidectomy.-' Some investigators, disagreeing with the thymus 

22. Viets, H. R., and Schwab, R. S. ; Prostigmin in the Diagnosis of Myasthenia 
Gravis, New England J. Med. 213:1280 (Dec. 26) 1935. 

23. Miller, H. G. : Myasthenia Gravis and the Thymus Gland, Arch. Path. 29 : 
212 (Feb.) 1940. Blalock, A.: Tumors of the Thymic Region and Myasthenia 
Gravis, Am. J. Surg. 54:149 (Oct.) 1941. 

24. Blalock, A. ; Mason, M. F. ; Morgan, H. J., and Riven, S. S. : Myasthenia 
Gravis and Tumor of the Thymic Region, Ann. Surg. 110:544 (Oct.) 1939. 
Blalock, A.; Harvey, A.; Ford, F. F., and Lilienthal, J. L. : The Treatment of 
Myasthenia Gravis by Removal of the Thymus Gland, J. A. M. A. 117:1529 
(Nov. 1) 1941. Campbell, E. ; Fradkin, N. F., and Lipetz, B.: Myasthenia Gravis 
Treated by Excision of Thymic Tumor, Arch. Neurol. & Psychiat. 47:645 (April) 
1942. 

25. Adler, H. : Thymus und Myasthenie, Arch. f. klin. Chir. 189:529, 1937. 

26. Cohen, S. J., and King, F. H. : Relation Between Myasthenia Gravis and 
Exophthalmic Goiter, Arch. Neurol. & Psychiat. 28:1338 (Dec.) 1932. 

27. Kowallis, G. F. ; Haines, S.-F., and Pemberton, J. dej. : Goiter with Asso- 
ciated Myasthenia Gravis, Arch. Int. Med. 69:41 (Jan.) 1942. 
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theory, have expressed the belief that the adrenals are more likely 
responsible. It seems reasonable to believe that future studies of the 
causal agent responsible for myasthenia should be directed along neuro- 
physiologic and biochemical lines in order to determine why myasthenic 
patients have chronic curare-like poisoning. 

The following histories illustrate our experiments with curare in 
cases of myasthenia and suggest the technic and dosage of standardized 
curare that may be used as a specific diagnostic test. 

Case 1. — Mrs. V. P., aged 31, in 1939 had progressive difficulty in speaking; 
six months later dysphagia developed, together with remittent ptosis and diplopia. 
All the symptoms became progressive; the voice was inarticulate at times; great 
difficulty in movements of the tongue developed, and attempts to swallow caused 
choking spells. The trunk and extremities were uninvolved; a loss in weight 
of 25 pounds (11.3 Kg.) occurred. 

Examination revealed undernutrition, bilateral ptosis, loss of upward conjugate 
movements of the eyes, expressionless facies, inability to elevate or completely 
protrude the tongue and almost complete anarthria. Otherwise, a complete exam- 
ination revealed nothing abnormal. 

Prostigmme Diagnostic Test . — Injection of 1.5 mg. of prostigmine methj'l sulfate 
with 1/100 grain (0.6 mg.) of atropine sulfate resulted in a 4 plus score, presumptive 
evidence of myasthenia gravis. 

Curare Diagnostic Test . — The patient’s weight was 100 pounds (45.4 Kg.). The 
average curarizing dose for a person of this weight would be 50 mg. (1 mg. per 
two pounds [1.8 Kg.] ) of standardized curare to produce mild partial generalized 
motor paresis. One-tenth this dose, or 5 mg. of curare principle, was slowly 
injected intravenously over a period of one minute. Immediately at the end of 
injection the patient showed complete bilateral ptosis, external ophthalmoplegia, 
complete loss of all movements of the tongue, flaccid paresis of the muscles of the 
neck, almost complete flaccid paresis of all extremities and respiratory difficulty. 
The height of the reaction came about two minutes after injection, when 1.5 mg. of 
prostigmine methylsulfate with 1/100 grain (0.6 mg.) of atropine sulfate was 
injected intravenously. Within two minutes after the injection all evidence of acute 
curare intoxication was gone, and most of the myasthenic symptoms were relieved. 

Case 2. — J. L., a man aged 54, for about ten years had had recurrent attacks 
of ptosis and inability to move the eyeballs; the attacks gradually progressed in 
frequency and severity. For about one year the patient had been conscious of 
almost constant inability to focus the eyes or rotate the eyeballs. Recently he 
noticed bulging of the left eye, huskiness of the voice after excessive talking and 
difficulty at times in swallowing. 

Examination revealed that the left eye was exophthalmic, with the lid practically 
immobile; it measured 17 mm. with the Luedde exophthalmometer and the right 
12 mm. ; the right eyelid could be raised slightly with compensatory action of the 
frontalis muscle. Both eyes were fixed centrally; no motility whatever could be 
elicited. The facies was smooth, with a typical myasthenic expression; otherwise, 
complete examination revealed nothing abnormal. 

28. Bomskov, C., and Milzney, G. : Involvement of the Thymus in Myasthenia 
Gravis Pseudoparalytica, Arch. Neurol. & Psychiat. 47:488 (March) 1942; 
abstracted from Deutsche Ztschr. f. Chir. 254:99 (Oct. 19) 1940. 
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Prostigmine Diagnostic Test . — The response was doubtful, and daily intra- 
muscular injections of the drug and oral medication gave only slight temporary 
relief of the ocular symptoms. Additional therapy with guanidine and adrenal 
cortex extract with lecithin also gave no relief. 

Curare Diagnostic Test . — Several intravenous injections of one-tenth to one-fifth 
the average dose of standardized curare were given. Since the patient weighed 
160 pounds (72.6 Kg.), the average dose necessary to produce generalized curariza- 
tion would have been 80 mg. One-tenth, or 8 mg., of standardized curare given 



Fig. 1 (case 1). — A, myasthenic facies prior to injection of curare. B, appear- 
ance of patient (A) after injection of 7 mg. of standardized curare, showing 
complete external ophthalmoplegia and generalized paresis. C, relief of all effects 
of curare and sj'mptoms of myasthenia bj' injection of prostigmine. 

intravenously over a period of one minute produced a peak reaction two minutes 
later. There were marked exaggeration of symptoms, complete bilateral ptosis, 
pronounced dysarthria and weakness of tlie muscles of the neck and the extremities. 
Another test with 15 mg. of standardized curare produced profound generalized 
siTOptoms of myasthenia with respiratory embarrassment. Each test was terminated 
by injection of 1.5 mg. of prostigmine methylsulfate and Moo grain of atropine 
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suHate. The exaggerated effects of curare disappeared immediately, but the 
myasthenic symptoms remained the same. 

Thymectomy was performed; tlie gland weighed 24 Gm. Unfortunately, pneu- 
mothorax developed, and the patient died thirty-six hours after operation. 

Tlie patiiologic report by Dr. J. P. Tollman follows : “The tissue consisted of a 
rather thin fibrous stroma supporting lymphoid tissue. The lymphoid tissue showed 
numerous active secondary germinal centers in which mitosis was' common. One 
or two thjmiic corpuscles were noted. There was no evidence of inflammation. 
Adipose tissue was rather abundant.” 

Case 3. — C. M. L., a man aged 74, in 1939 began having attacks of diplopia at 
midday, which were relieved by a night’s rest; bilateral ptosis appeared at about 
the same time, followed later b}' generalized fatigability and huskiness of the 
voice. 

Examination about four months after the onset rcs'ealed bilateral ptosis; rapid 
fatigue of ocular movements could be produced, with almost complete external 
ophthalmoplegia and m 3 ’asthenic facies, s 3 -mptoms disabling to the patient. 

Prostignnnc Diagnostic Test. — Injection of 1.5 mg. of prostigmine meth 3 dsulfate 
resulted in a 4 plus score, with complete relief of all symptoms within ten minutes. 
For over two years this patient has been able to carry on full occupation. Oral 
use of prostigmine methylbromide gives complete s 3 'mptomatic relief. 

Curare Diagnostic Test. — The patient’s weight, 140 pounds (63.5 Kg.), indicated 
that approximately 70 mg. of standardized curare was needed to produce partial 
curarization. Injection of one-tenth this dose, or 7 mg., of standardized curare 
intravenously produced complete bilateral ptosis, complete external ophthalmoplegia, 
weakness of the facial muscles and of the tongue, anarthria and generalized 
muscular paresis within one minute. At the peak of the reaction, within two 
minutes, the patient felt immobile and helpless. Prostigmine meth 3 dsulfate, 1.5 mg., 
was given intravenously. Within two minutes the effects of the curare and all 
myasthenic symptoms disappeared. 

Case 4. — E. E., a man aged 56, for one month prior to examination had noted 
drooping of the left eyelid at the end of the da 3 ' and complete relief after a night’s 
rest. The ptosis was gradually e.xtending over longer periods each day. 

Complete examination gave normal results except for slight ptosis of the right 
lid and more complete ptosis of the left lid. The patient’s weight was 197 pounds 
(89.4 Kg.). 

Curare Diagnostic Test. — Ten milligrams of standardized curare was given 
intravenously over a one minute period. Within two minutes a moderate degree 
of ptosis appeared on the right side and complete ptosis on the left, with bilateral 
weakness of the facial muscles typical of myasthenia; no other objective symptoms 
were noted. Prostigmine methylsulfate, 1.5 mg., given intravenously, rapidly cleared 
up the curare symptoms and all evidence of bilateral ptosis. 

This patient presents a very earb" stage of myasthenia gravis and is being 
observed for further development of m 3 ’asthenic symptoms before treatment is 
started. The specific response to the curare test, in our opinion, is conclusive 
evidence of myasthenia. 

5 _ Mrs. P. N., aged 37, in 1925 first noticed after swimming that her 

legs gave out while climbing a hill. Since that time there had been progressive 
weakness of both legs and arms. The fatigability was more noticeable after 
midday, but at times the patient would fall on mounting stairs or drop objects 
while carrying them. She had recently noted fatigue with reading and could read 
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better with one eye closed, but never had had diplopia or ptosis. Also, there was 
fatigue on chewing, but never dysarthria or dysphagia. All symptoms were relieved 
one week prior to and one week after menstruation. Dyspnea on exertion and 
postmalleolar edema were other complaints. 

Examinaiion . — Complete physical and neurologic examinations revealed nothing 
abnormal except for a slight suggestion of bilateral weakness of the facial muscles. 
No fatigability of ocular muscles could be elicited. Repeated muscular tests of the 



Fig. 2 (case 5). — A, myasthenia, of twelve years’ duration, the asthenia being 
limited to the extremities. B, appearance after injection of 5 mg. of standardized 
curare, bhowing complete ophthalmoplegia and generalized paresis C, relief of all 
effects of curare and myasthenic S3'mptoms bj’- injection of prostigmine. 

upper and lower extremities elicited subjective fatigability; electrical stimulation 
did not induce the Jolly reaction. 

Curare Diagnostic Test . — ^The patient weighed 124 pounds (56 2 Kg.); 5 mg., 
or one-twelfth the physiologic dose, of standardized curare ^\as given intra- 
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venousb^ Within one minute the patient showed bilateral ptosis, external 
ophtlialnioplegia, facial weakness, dysarthria and complete flaccid paresis of the 
head and the upper and lower extremities. After two minutes 1.5 mg. of prostigmine 
methylsulfate with %oo grain of atropine sulfate was given intravenously. Within 
two minutes all effects of curare and myasthenic sj'inptoms disappeared. 

Comment . — Patient 1 was severel)^ disabled with myasthenia. Patient 
2 had involvement almost limited to the ocular muscles in an unusual 
case of unilateral exophthalmos. Patient 3 had a mild form of the 
disease, which was completely controlled by prostigmine methylsulfate. 
Patients 1 and 3 gave strongly positive diagnostic reactions to prostigmine, 
but patient 2 gave an indifferent response and received no relief from any 
drug therapy. Patient 4 had a vciy earl}’’ stage of myasthenia, for which 
the curare test enabled immediate diagnosis. Patient 5 presented an 
unusual case, since myasthenic symptoms extending over a twelve year 
period were confined to the larger muscles of the limbs and the shoulders, 
arms and legs, with practically no involvement of muscles of the oculo- 
motor or the bulbar group. The curare test immediately brought out all 
the missing symptoms and clinched the diagnosis. After one-tenth the 
physiologic dose of curare, all 5 patients reacted specifically, with pro- 
found exaggeration of myasthenic symptoms, proof of the specificity of 
the active curare principle in the causation of the disease. 

Technic of Curare Diagnostic Test . — About 1 mg, per kilogram of 
body weight of a standardized curare principle - administered intra- 
venously produces mild generalized curarization in a normal adult. One- 
tenth this estimated physiologic dose is injected intravenously over a 
one minute period into the patient suspected of having myasthenia. 
Within two minutes after the injection the peak reaction occurs. If the 
patient has myasthenia, the existing myasthenic symptoms are aggravated, 
especially paralysis of the oculomotor muscles, weakness of the facial 
muscles and of the tongue, dysarthria and dysphagia. New symptoms 
may appear, such as flaccid paresis of the neck and. extremities. The 
patient may be unable to speak or protrude the tongue and respiration of 
the diaphragmatic type may become labored. The test is to be terminated 
within two to three minutes by intravenous injection of 1.5 mg. of 
prostigmine methylsulfate with grain of atropine sulfate; within a 
minute all acute effects of curare disappear, and if the patient is reactive 
to prostigmine the myasthenia symptoms likewise disappear. Larger 
doses of standardized curare, up to one-fifth the physiologic dose, may 
be given but are unnecessary for diagnosis. Without the use of pros- 
tigmine the test would be dangerous. A physiologic dose of curare given 
to a patient with myasthenia gravis would probably be fatal unless 
artificial respiration was maintained or the antidote prostigmine 
administered. 
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SUMMARY 

1 . It appears that some failure in the action of acetylcholine exists in 
myasthenia gravis. 

2. Physostigmine restores neuromuscular performance in most myas- 
thenic patients. 

3. Curare neutralizes acetylcholine action and produces artificial 
myasthenia gravis. 

4. There is some evidence that a primary muscle disorder apart from 
neuromuscular block may occur in certain stages of the disease. 

5. The myasthenic patient exhibits a pronounced sensitivity to curare. 
One-tenth the usual physiologic dose of curare produces profound 
exacerbation of existing symptoms, and generalized curarization adds new 
symptoms of myasthenia. 

6. These phenomena suggest a specific diagnostic test for the disease. 
Injection of one-tenth the usual physiologic dose of standardized curare 
is a safe procedure if followed by administration of prostigmine methyl- 
sulfate. Larger doses must be administered with caution, as fatalities 
may occur. 

7 . Five patients with different phases of the myasthenic syndrome 
have shown a specific response to the curare diagnostic test, even though 
for some the prostigmine test was inconclusive. 

8. The cause of myasthenia gravis should be found by explaining the 
occurrence in the disease of the neurophysiologic disturbance resembling 
chronic curarization. 
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DISTURBANCES IN PAROTID SECRETION IN AN 
UNUSUAL NEUROLOGIC SYNDROME 

LOUIS LINN, M.D. 

AND 

LEO A. SPIEGEL, M.D. 

' NEW YORK 

In this communication we wish to describe a method for measuring 
the disturbance in parotid secretion in an unusual syndrome involving 
the arter}'- of the facial nerve — a branch of the anterior inferior cerebellar 
artery. 

In 1901 Wallenberg^ reported the case of a 70 5'ear old man who 
had sudden loss of consciousness preceded b)'^ a brief period of tinnitus 
in the right ear and itching of the nose. The period of unconsciousness 
lasted twenty-four hours ; on recovering the patient complained of 
vertigo. Neurologic e-xamination revealed bilateral involvement of the 
sensory fifth ncrxQ] paresis of the right motor fifth nerve; paralysis 
of the right sixth nerve; paralysis of the right seventh nerve, of 
peripheral type, and partial deafness, right eighth nerve. Pain and 
temperature sensations were diminished on the left side down to the 
second dorsal segment. There was slight hyperreflexia on the same side. 
The clinical diagnosis was hemorrhage from the ramus centralis arteriae 
radicularis nervi facialis dextri, a branch of the anterior inferior cere- 
bellar artery. The patient lived seven years after his vascular insult. 
At necropsy the right side of the pons appeared much smaller than the 
left. Section revealed a hemorrhagic cyst in the tegmentum of the pons 
extending to the floor of the fourth ventricle. Caudally it reached the 
anterior end of the inferior olive and rostrall}'' the lingula of the cere- 
bellum. The cyst destroyed the motor nucleus, as well as part of the 
sensory nucleus and some of the sensory roots of the right fifth nen^e. 
The nuclei of the sixth and seventh nerves on the right side were 
destroyed, as were the nuclei of Bechterew and Deiters, part of the 
restiform body, part of the posterior longitudinal bundle, the dorsal 
fibers of the cochlear nucleus as they passed to the trapezoid body and 
part of the spinothalamic and spinotectal tracts on the same side. 

From the Neuropsychiatric Division of the Montefiore Hospital. 

1. Wallenberg, A. : Klinische Beitrage zur Diagnostik alcuter Herderkrank- 
ungen des verlangerten Markes und der Brucke, Deutsche Ztschr. f. Nervenh. 19: 
227, 1901. 
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Wallenberg^ expressed the belief that the extent of the lesion corre- 
sponded to the distribution of the branch of the anterior inferior- 
cerebellar artery accompanying the right facial nerve, as was predicted 
clinically. Our own case resembled clinically the case just described. 

REPORT OF A CASE 

A white man, aged 46, a house painter for twenty years preceding his illness, had 
never suffered any symptoms that could be attributed to lead intoxication. The 
family and past history were noncontributory. 

On Dec. 26, 1938, shortly after supper, he complained of a sudden lightning-like 
pain radiating from the left side of his face and head down the entire left side of 
the body. He did not lose consciousness but had to be carried to bed. He vomited 
for several hours thereafter. He felt numb and stiff over the entire left side of the 
body, although there were no paralyses. During the next few days he noticed that 
he could not close his right eye and that his mouth was pulled to the left. He 
also noted difficulty in chewing and speaking and a decided change in the quality 
of his voice. He experienced considerable dizziness, and a coarse tremor of his 
left hand, most pronounced on intention, developed. He was taken to a city hospital, 
where he remained for five months. During this time sensation on the left side 
of the body improved considerably and there was diminution of the tremor. All 
other symptoms remained essentially unchanged. Tarsorrhaphy was performed on 
the right side for iritis and keratoconjunctivitis. Shortly before admission to the 
Montefiore Hospital he complained of severe pain in one spot inside the left ear. 
In addition, he became aware of an intermittent whistling noise in the right ear. 

Physical Examination . — Examination on admission gave essentially normal 
results. The blood pressure was 120 systolic and 90 diastolic. There was a 
tarsorrhaphy scar on the right side. The positive neurologic signs on admission 
were as follows: 

1. A wide-based, conspicuously ataxic gait, with a tendency for the patient 
to fall in any direction. 

2. Bilateral cerebellar signs, most noticeable on the the left, and a tendency to 
past pointing on the left. 

3. Coarse tremor of the outstretched hand, most pronounced on the left and 
increased on intention, 

4. Rhythmic myoclonus of the soft palate, pharynx and larynx, with a rate of 
180 per minute. 

5. Dysarthric, slurred, high-pitched, explosive speech. 

6. Hyperactive tendon reflexes on the left; diminished left abdominal reflexes; 
no pathologic reflexes, 

7. Hypalgesia, hypthermesthesia and hypesthesia over the entire left side of the 
body and face, with sparing of vibratory and position sensations. 

8. Moderate inward deviation of the right eye. and loss of lateral conjugate gaze 
in either direction ; normal vertical gaze. 

9. Vertical nystagmus on upward gaze. 

10. Sluggishness of the left corneal reflex. 

2. Wallenberg, A.; Anatomischer Befund in einem als Blutung in die rcchte 
Briickenhalfte, etc. aus dem Ramus centralis arteria radicularis nervi facialis dextri 
geschilderten Falle, Deutsche Ztschr. f. Nervenh. 26:436, 1904. 
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11. Diminution in superficial sensation over the left side of the face and the 
anterior wall of the external auditory canal, 

12. Complete lower motor neuron paralysis of the right seventh nerve. 

13. Bilateral partial nerve deafness, most noticeable on the right. 

14. Bilateral absence of labyrinthine response to Barany test. 

15. Bilaterally diminished palatal and pharyngeal reflexes, the responses on the 
right being more sluggish than those on the left. 

16. Questionable weakness of the right motor fifth nerve, and fibrillations of 
the tongue. 

17. Moderate arteriosclerosis of the retinal vessels. 

Laboratory Data. — The results of all laboratory studies'were within normal limits. 
The spinal fluid showed an initial pressure of 115 mm. There were 5 lymphocj'tes 
per cubic millimeter, and the protein was 37 mg. per hundred cubic centimeters. 

Subsequent Course. — In the five months which has elapsed since the patient’s 
admission to the hospital involvement of the right motor fifth nerve has become 
definite. In addition, myoclonic movements of the diaphragm have been recently 
observed fluoroscopically. The neurologic status has otherwise remained the same. 

It is evident that the involvement of the cranial nerves in our case 
was practically identical with that observ'ed by Wallenberg in his case. 
In addition, there were hyperreflexia on the left side and similar sensory 
dysfunction in the 2 cases. Cerebellar involvement was plainly evi- 
dent in our case and was probably present in Wallenberg’s case, 
although his description does not make this certain. Inasmuch as the 
lesion in Wallenberg’s case involved the central tegmental tract, palatal 
myoclonus should have been present, as in our case, although it was not 
mentioned. 

Several investigators have pointed out ® that the motor secretory 
nucleus of the parotid gland, the inferior salivatory nucleus, is located 
in the region covered by the lesion observed in Wallenberg’s case. 
Inasmuch as we felt that the lesion in our case closely resembled in its 
anatomic relation that observed in Wallenberg’s case, a disturbance in 
parotid secretion on the right side was anticipated.'* Studies of parotid 
secretion on this patient were accordingly begun. 

STUDY ON PAROTID SECRETION 

Method. — Measurements of parotid flow were made by the Strongin parotid 
secretory disk.® This instrument consists of two metal cups, one soldered within 

3. Kohnstamm, O., and Wolfstein, D. J.: Versuch einer physiologischen 
Anatomic des Vagusursprung und des Kopfsympatheticus, J. f. Psychol, u. Neurol. 
8:177, 1907. Yagita, K., and Hyama, S. : Ueber das Speichelsekretioncentriim, 
Neurol. Centralbl. 28:738, 1909. Felling, A.; On the Bulbar Nuclei with Reference 
to the Existence of a Salivatory Center in Man, Brain 36:255, 1913. 

4. Dr. Otto Marburg suggested the possibility of such a condition and guided us 
in the preparation of this report. 

5. Dr. E. Strongin gave us the use of his disks and his technical advice. The 
actual disk is about the size of a dime. 
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the other. The disk is placed over the papilla of Stensen’s duct so that the papilla 
lies entirely within the inner cup. With a little practice and with good lighting 
this is easily performed. The disk is held in position against the buccal mucosa 
with one hand. The operator then makes suction on tube B. This creates a vacuum 
in the space between the inner cup (C) and the outer cup (.A), which secures 
the disk in its proper position. A small pinch clamp is then placed on tube B. 
Relatively little suction on tube B is necessary to produce the required vacuum. 
Under no circumstances should the subject experience pain or discomfort due to 
the suction. The pinch clamp can then be secured to the subject’s clothing by 
means of a safety pin. The outlet from the inner cup is connected with a 1 cm. 
pipet (D) calibrated in hundredths of a cubic centimeter. The length of the tubing 
used in establishing this connection does not matter. Before the connection is 
made a droplet of water is placed \vithin the pipet. It is the movement of this 
droplet that is recorded. 

It is desirable to conduct these measurements in a soundproof room, since 
extraneous stimuli may produce alterations in the parotid flow. It is preferable 
that the subject have had no medication for the preceding forty-eight hours. Studies 
should be made in the morning. The subject omits breakfast and is not permitted 
to smoke. The procedure is explained to him in simple terms, and every effort is 



made to set him at his ease. He is instructed to sit back comfortably in his chair 
with his eyes open. He should not fall asleep during the experiment and should 
not read or engage in other mental activity. 

When the disk is properly placed, movement of the water droplet in the pipet 
is almost immediately evident. (There may be a latent interval of psychic inhibition 
of parotid secretion, lasting several minutes.) The position of the disk can be 
rapidly checked by putting a drop of lemon juice on the subject’s tongue. This 
procedure will be followed by an almost instantaneous spurt of the water droplet. 
A dropper bottle containing lemon juice is made available for this purpose. After 
this procedure at least six minutes must elapse before measurements are made. 
They are carried out as follows : The subject is instructed to swallow once and 
then to swallow no more until told to do so. In the event that he "swallows before 
he is instructed to do so, he must signify this fact by raising his hand. Measure- 
ments must then be started all over again, beginning with this swallow. The flow 
during the first minute following the swallow is discarded. Readings of the position 
of the droplet are then made every minute for five minutes, at which time the patient 
IS ordered to swallow. The procedure is then repeated. For most accurate 
determination of the resting secretory rate six such intervals should be recorded. 
The pipet must be chemically clean and perfectly dry. 
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Results . — The resting secretory rates recorded on Feb. 27, 1942 follow. 

Readings, Cc. 


Left Right 

0.930 0.910 

0.855 0.905 

0.812 0.901 

0.732 0.900 

0.680 0.895 

0.600 0.889 

Total secretion 0.33 0.02 

0.535 0.886 

0.482 0.884 

0.425 0.882 

0.350 0.875 

0.302 0.873 

0.255 0.871 

Total secretion 0.28 0.02 

0.960 0.869 

0.900 0.867 

0.855 0.862 

0.790 0.859 

0.735 0.852 

0.680 0.850 

Total secretion 0.28 0.02 


Stimulation with lemon juice produced spurts of parotid secretion on the left 
side, but not on the right, even when the right side of the tongue was stimulated 
directly. (Ordinarily, stimulation of the right side of the tongue produces a 
primarily ipsilateral parotid response, and vice versa.) 

On injection of grain (8 mg.) of pilocarpine hydrochloride hypodermically 
the following results were obtained: 

Readings, Cc. 


Left 

Right 

0.860 

0.845 

0.810 

0.842 

0.730 

0.841 

0.625 

0.835 

0.555 

0.830 

0.470 

0.820 


Total secretion 0.49 


0.02 
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Readings, Cc. — Cont. 


Left Right 

0.370 0.807 

0.300 0.788 

0.230 0.765 

O.ISO 0.730 

0.070 0.690 

0.010 0.640 


Total secretion 0.36 0.17 

0.920 0.575 

0.800 0.500 

0.710 0.425 

0.600 0.350 

0.480 0.268 

0.375 0.185 


Total secretion 0.55 0.39 

0.940 0.812 

0.820 0.732 

0.625 0.662 

0.500 0.580 

0.350 0.510 

0.200 0.435 


Total secretion 0.74 0.38 


It should be noted that the increase in secretion on the right side set in six 
minutes after the injection of pilocarpine. This time interval was noted by Strongin ® 
in a large series of cases of non-neurologic conditions with a high degree of 
regularity. There seemed to be somewhat of a lag in the response to pilocarpine on 
the left side. However, at the termination of the experiment the left side again far 
outstripped the right in rate of secretion. 


Repetition of the experiment on May 28 gave the following results ; 

Readings, Cc. 


Left Right 

0.900 0.810 

0.800 0.810 

0.660 0.810 

0.540 0.810 

0.410 0.810 

0.300 0.810 


Total secretion 0.60 0.00 


6. Personal communication to the authors. 
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When lemon juice was placed on the tongue the response was as follows : 

Readings, Cc. 


Left Right 

0.900 0.772 

0.790 0.772 

0.650 0.772 

0.480 0.772 

0.370 0.772 

0.260 0.772 


Total secretion 0.64 0.00 


It should be noted that on this day there was total absence of secretion on 
the right, which was associated with a much higher rate of resting secretion on 
the left than was observed in the previous experiment. It should also be noted that 
there was once more no response to lemon juice on the right. That this was not an 
artefact due to improper placement of the disk is clear from the following figures, 
obtained after the injection of Vio grain (16 mg.) of pilocarpine hydrochloride. It 
should be emphasized that there was no alteration in the position of the disk during 
this experiment. 

Readings, Cc. 


Left Right 

0.980 0.755 

0.890 0.755 

0.800 0.715 

0.540 0.480 

0.400 0.190 


Total secretion 0.58 0.57 


Although further measurements were not recorded, it can be stated that a profuse 
parotid flow was observed bilaterally in response to pilocarpine. This proves that 
the previously noted absence of resting secretion and absence of response to lemon 
were not artefacts. 

COMMENT 

It is to be observed that the left parotid gland maintained a resting 
secretory rate which was considerably higher than that on the right ; 
that whereas the left parotid gland responded to both lemon and 
pilocarpine, the right gland responded only to pilocarpine. It would 
seem, then, that since the reflex between the taste buds and the parotid 
gland was destroyed on the right side, pilocarpine acts directly on the 
parotid gland. Our results also seem to indicate that the motor nerves 
of the parotid gland do not have bilateral representation in the brain 
stem, as was suggested by Kohnstamm on the basis of animal experi- 
mentation. The mechanism of the compensatory increase in secretion 
on the side opposite the lesion is speculative. It is possible that this 
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increase represents a release phenomenon due to the destruction of 
contralateral supranuclear autonomic pathways. The anticipated hyper- 
sensitivity of the denervated right parotid gland to pilocarpine, in 
accordance with Cannon’s law of denervation, was not observed. 

The Strongin technic thus afforded a precise method for demon- 
strating the anticipated disturbance in parotid secretion in this patient. 
It permitted the elucidation of the nature of this disturbance and the 
nature of the action of the pilocarpine on parotid secretion. The method 
is presented in detail in the belief that it provides a useful tool in con- 
ducting a clinical neurologic examination, which may be as valuable 
in other cases at it proved to be in ours. 


Montefiore Hospital. 


TREATMENT OF POST-LUMBAR-PUNCTURE 
HEADACPIE WITH ERGOTAMINE 
TARTRATE 

SAMUEL A. GUTTMAN, Ph.D., M.D. 

NEW YORK 

The object of this paper is to summarize some observations on the 
treatment of post-lumbar-puncture headache, following spinal anesthesia, 
with ergotamine tartrate. 

The use of ergotamine tartrate for the treatment of post-lumbar-punc- 
ture headache was mentioned by Targowla and Lamache.^ They reported 
that ergotamine tartrate seemed to be of value in the treatment of post- 
lumbar-puncture phenomena. Lennox, von Storch and Solomon - 
reported on the effect of ergotamine tartrate on nonmigrainous headache. 
In their series of patients who were unsuccessfully treated for many types 
of headache other than migraine were 7 who had headaches and a 
deci'eased cerebrospinal fluid pressure after lumbar puncture. 

PRESENT INVESTIGATIONS 

The 35 patients who were treated with ergotamine tartrate were from a group 
of 418 patients on whom lumbar puncture was performed and spinal anesthesia 
induced (with procaine). Most of the patients who received the drug were not 
allowed out of bed because of some recent operative procedure. They were per- 
mitted to remain in any position in bed directly after receiving the ergotamine 
tartrate. All the patients elected to lie flat in bed. After varying lengths of time 
following the administration of the drug — from five minutes to two hours — they 
were allowed to sit up with the head of the bed elevated 50 degrees or more. The 
effect of having the head of the bed raised was observed and recorded for each 
patient. The approximate elevation, in degrees, and the time of onset and tire 
character of the symptoms were noted. These data served as a base line for deter- 
mining the effect of ergotamine tartrate. Some patients, those who received 
the drug by vein, had the head of the bed raised as often as every five to ten 
minutes in order that the effect of the drug might be determined. 

It is not possible to demonstrate conclusively that headache following the induc- 
tion of spinal anesthesia is totally independent of the anesthetic agent used, but 

From the Jewish Hospital, Philadelphia. 

Ergotamine tartrate (gynergen) was supplied by Sandoz Chemical Works, 
Inc., New York. 

1. Targowla, R., and Lamache, A.: Les accidents de la ponction lombaire et 
leur traitement, Ann. de med. 22:345, 1927. 

2. Lennox, W. G.; von Storch, T. J. C., and Solomon,' P. : The Effect of 
Ergotamine Tartrate on Non-Migrainous Headaches, Am. J. M. Sc. 192:57, 1936. 
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clinical observations do not indicate any difference in signs or symptoms and this 
type of headache seems to be identical with the post-lumbar-puncture headache. 

Ergotamine tartrate (gynergen) was given to 35 patients who had post-lumbar- 
puncture headache following spinal anesthesia. 

Ergotamine tartrate is a potent drug. The dose is that amount which 
is sufficient to produce the desired effect in a particular patient. One 
patient may be able to tolerate as much as 1 mg. given parenterally 
within several hours and show no minor toxic symptoms, while another 
may exhibit toxic phenomena after receiving 0.25 mg. The drug was 
usually administered parenterally — frequently by vein, usually by deep 
subcutaneous or muscular injection. In some instances the drug was 
administered sublingually. 

For parenteral administration the following method was found to 
be fairly satisfactory. The patient was given from 0.25 to 0.50 mg. of 
ergotamine tartrate into the deltoid region. One of several things 
occurred during the next two hours. 

Effect of Ergotamine Tartrate on Post-Lmnbar-Pwicture Headache 


Patients treated 

Result of treatment 

Relief 

Some relief, 
No relief... 


No. of Patients Percentage 


35 


100.0 


29 

2 

4 


82.0 

5.7 

11.4 


1. The patient was able to sit up or walk about, if ambulatory, free of 
a headache or with but a very slight ache. For about two to three tenths 
of the patients one dose was sufficient and the headache did not return. 
It is now deemed advisable to give a patient the same dose two or three 
times a day for about two days to ward off any recurrence. When the 
headache was relieved and then returned, the recurrence was from four 
to twelve hours after the drug was administered. 

‘2. The patient was relieved and could be up without a headache, but 
some of the minor toxic symptoms, e. g., loss of appetite, nausea, vomit- 
ing and various vasospastic phenomena, occurred. The patient responded 
favorably to the drug, but the therapeutic dose had been exceeded. 
Subsequent doses for such patients should be between one-half to two- 
thirds the initial dose, so that minor toxic symptoms do not recur. 

3. The patient was not improved, and no minor toxic symptoms 
appeared. When this occurred, either a therapeutic dose had been 
administered and the patient did not obtain relief from the drug or a 
therapeutic dose had not been given. To these patients a 0.25 mg. dose 
was administered every two to three hours until he was able to be up 
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without a headache or there was no change in the intensity of the head- 
ache and minor toxic symptoms appeared. The drug is not supposed to 
be given in excess of 1 mg. (parenterally) in twenty-four hours. How- 
ever, it has been noted that some patients can be given as much as 2 mg. 
in twenty-four hours for several days without the appearance of minor 
toxic symptoms. In general 1 mg. should be the maximum amount for 
twenty-four hours. 

4. The patient exhibited minor toxic symptoms with no relief from 
the headache. The dose was repeated in twelve hours, and if the same 
result occuiTcd it was deemed that the patient derived no benefit from 
ergotamine tartrate. 

Ergotamine tartrate was administered by the intravenous route to 8 
patients. Each person received 1 cc. of physiologic solution of sodium 
chloride by vein about two hours before ergotamine tartrate was admin- 
istered, and in no instance was relief afforded by the injection of the 
saline solution. After injection of 0.25-0.50 mg. of ergotamine tartrate 
Ijy vein the patients reported beginning relief from the headache in 
fifteen to thirty minutes. These patients were usually made to sit up 
each five to ten minutes, and by the end of a half-hour the headache was 
entirely gone or greatly diminished in intensity. This method was 
employed to demonstrate the precise response to intravenous administra- 
tion, and it may be used in treating patients with severe headache or as 
a final measure in attempting to treat that group who do not seem to 
respond to ergotamine tartrate. 

Ergotamine tartrate, at least according to these data, is of value in 
relieving post-lumbar-puncture headache in eight to nine tenths of the 
patients only when the drug is administered according to the tolerance 
of the particular patient for the drug. Each person differs in this respect, 
and one must administer the drug as carefully as one rapidly digitalizes a 
patient or as one administers morphine sulfate to a patient with acute 
myocardial infarction. The dose for a particular patient is that amount 
of the drug which gives the desired therapeutic effect. Once the dose for 
a patient is determined it is advisable and practical to employ this 
quantity or to reduce it to the minimal therapeutic dose. 

710 West One Hundred and Sixty-Eighth Street. 



JUVENILE AMAUROTIC IDIOCY 

A CLINICOPATHOLOGIC STUDY 
ALBERT J. LUBIN, M.D* 

SAN FRANCISCO 

AND 

OTTO MARBURG, M.D. 

NEW YORK 

Clinicopathologic studies of the juvenile type of amaurotic family 
idiocy are infrequent. The present case offers an opportunity to corre- 
late the neurologic, psychologic and electroencephalographic studies 
made shortly before the patient’s death with the pathologic observations. 

REPORT OF A CASE ' 

A 16 year old j^outh entered the hospital Nov. 1, 1940 with the complaint of 
blindness for ten years, loss of memory and convulsions for one year. His devel- 
opment was said to have been normal until he was 6 years old. There was no 
family history of any neurologic or psychiatric disorder. His mother, father and 
20 year old brother were alive and well. 

At the age of 6 years his mother noticed that he started to bump into objects, 
and soon after beginning school his first grade teacher noted difficulties in vision. 
An ophthalmologist told the parents that the condition would progress to complete 
blindness. During the following two years he lost all vision in both eyes save 
light perception. He was enrolled in a school for the blind when he was 8 years 
old. He disliked the school, was resentful of his blindness and failed to learn 
to read Braille. From the age of 11 to 15 years he was kept in a private school; 
he is said to have done satisfactory school work and to have become socially 
adjusted. In October 1939 he began to have convulsive seizures of the grand mal 
type; at first they occurred once or twice each week but subsequently increased 
in frequency to once every two or three days. They sometimes occurred in 
groups with repeated seizures during a single day. 

Physical Examination . — ^Nothing abnormal was noted except in the neurologic 
and ophthalmoscopic examinations. His gait was moderately ataxic. The Rom- 
berg sign was positive. There was some dj'smetria in all extremities. All of 
his movements were rather slow. There was generalized hypotonia, though he 
was not particularly weak. An occasional choreiform movement was noted. Of 
the deep reflexes of the upper extremity only the left biceps was elicitable, and it 
was weak. The knee jerks were difficult to obtain, but the ankle jerks were brisk. 
The abdominal reflexes were sluggish. The big toes were maintained in a con- 

* Fellow of the Rockefeller Foundation, 1941-1942. 

This work was aided by a grant from the Rockefeller Foundation. 

From the Neurological Institute of New York, the Department of Neurology 
of the Columbia University College of Physicians and Surgeons, and the Division 
of Neuropsychiatry of the Stanford University School of Medicine. 
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slant state of dorsiflexion; no pathologic reflexes were elicited. All types of 
superficial and deep sensation were intact. Only light perception was present in 
both eyes. The optic disks were flat and yellowish; all retinal vessels were 
extremely narrow. Small spicules of pigment were scattered over the entire 
surface of the fundus, only a few being present, however, at the macular area or 
around the disk. Both lateral and vertical nystagmus were present and were 
greatly accentuated after the air encephalogram was taken. No evidence of 
involvement of other cranial nerves was noted. 

Mental Examination . — The boy was ordinarily cooperative, although he had 
an occasional temper tantrum. His mood was rather indifferent. He spoke 
volubly. Sometimes, however, he merely repeated "yes” over and over again, 
explaining that the nurses were asking him whether he could see. There was no 
other evidence of hallucinations or delusions. He knew the date of the month 
but was unable to state where he was or to give the name of the president. His 
memory was poor, and his judgment was greatly impaired. The psychometric 
report by Dr. Ann Magaret follows: 

“Classification: The patient is mentally deficient (probably an imbecile). 

“Test Results: The revised Stanford-Binet test form L gave a mental age 
between 6 and 7 years. The average grade level with the Lowe-Shimberg scaled 
information test was below the fourth, probably at the second. The average 
mental age was below 9 years, probably 6 years. 

“Analysis of Test Results : Interpretation of these results should be made with 
caution, since Donald is blind and could be given only such verbal tests as could 
be presented orally. None of the concrete performance tests was applicable. His 
general vocabulary on the Stanford-Binet list is at the 8 year level. On tests of 
immediate memory he falls at the 5 year level, and on tests of general compre- 
hension, at the 8 year level. His fund of general information is that which would 
be expected from a second grade pupil. His ability to succeed with some infor- 
mation items at recognition, when he had failed to recall them, suggests that he 
may have known many of the questions at some time in the past, although he is 
today unable to answer them. 

“Comment: Donald is a hesitant, uncertain but friendly and cooperative boy, 
who seems to exert a tremendous amount of effort in the test situation. He is 
cheerful and talkative, asks numerous questions about the materials used for the 
test and volunteers much information about the schools he has attended and the 
doctors he has seen. 

“His attack on the test items is delayed and somewhat erratic. Frequently he 
succeeds with numerous subtests on a given item, only to fail on the crucial one, 
and hence lose all credit. He gives the impression of having to search long for ” 
his answers; his responses are slow, poorly phrased and uncertain. He stutters 
markedly when he is blocked on a question and always gropes for the proper 
words to express his answers. Nevertheless, he seems able to maintain his atten- 
tion for unusually long periods. He seldom asks for repetition of instruction. 
He is often blocked in recalling names of simple objects; he struggled long to 
remember the word ‘grass,’ and finally asked in desperation, ‘What do you call 
that stuff in the back yard?’ 

“Impression: The general impression is that of a cheerful, friendly, coopera- 
tive but hesitant and uncertain boy of imbecile grade intelligence. The wide 
discrepancy between his performance on vocabulary and on immediate memory 
items; his blockings on many of the questions; his ability to succeed with items 
oil a recognition level when he has failed to recall them, and his general delay 
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and retardation in his test behavior, all are in agreement with the diagnosis of 
mental deterioration, which seems unquestionable in view of the earlier test results 
(intelligence quotient 133 at the age of 3 to 6 years).” 

Laboratory Data. — The blood count and urinalysis revealed nothing abnormal. 
The sedimentation rate was 8 mm. per hour. The spinal fluid was normal : The 
Pandy reaction was negative, the total protein 22 mg. per hundred cubic centi- 
meters and the colloidal gold curve 1112100000. The Wassermann reaction was 
negative for both the blood and the spinal fluid. The spinal fluid pressure was 
elevated, being over 300 mm. of water with the patient in a horizontal position. 
Flat roentgenograms of the skull were normal. 

Electroencephalogram : Eight to 9 per second waves were revealed in all 
areas (Nov. 2, 1940). A small amount of random slow activity was present, 
being greatest in the occipital leads (fig. 1). None of this slow activity was of great 
amplitude, the maximum being 50 microvolts. 

Air Encephalogram: On November 4, Dr. R. R. Newell reported: “The 
ventricular sj^stem is of rather large volume (fig. 2). In the left temporo- 
occipital region there is a superficial channel which seems somewhat increased in 
size. There are a few channels on the mesial surfaces of the hemispheres, but 
elsewhere tlie subarachnoid channels are scanty or wanting.” 


Left 




C enter 


1 SOjuv 


R iqht 

Fig. 1. — ^Electroencephalogram from the occipital region. Some slow random 
waves of low amplitude are present on the left. side. The alpha rhythm is usually 
8 to 9 per second. 


Course. — A diagnosis of amaurotic family idiocy of the juvenile type was made. 
The patient was admitted to the Napa State Hospital, Imola, Calif., on Novem- 
ber 26. A report from there stated that he was agreeable, childish, asked many 
questions, but wanted to go home. He ate and slept well. His speech remained 
relevant and coherent until his terminal pneumonia. He died Jan. 6, 1941. Dr. 
I. E. Charlesworth, the medical superintendent of Napa State Hospital, permitted 
us to examine the brain. 

Macroscopic E.vaviimtion. — The brain appeared to be larger than normal ; it 
weighed 1,450 Gm. The sulci were shallow. 

Microscopic Examination. — The characteristic cellular changes of amaurotic 
family idiocy were observed in the vast majority of the ganglion cells that were 
examined. These changes were most evident in the cerebral cortex and least so 
in the caudal end of the medulla. Most of the cells were swollen and appeared 
to be ballooned or saclike (fig. 3). The Nissl substance had more or less disap- 
peared; it was rarely seen in the cortex. Neurofibrils were not definitely observed 
in many of the cells stained by the Bielschowsky or the Bodian method; in others 
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the neurofibrils were pushed to the peripherj'-, sometimes causing the cell wall to 
appear thickened (fig. 3 C). The nucleus was usually at the periphery of the cell or 
in the base of one of the dendrites (fig. 3B). Its wall was often hyperchromatic. 
Occasionally it appeared to have burst, and its contents lay free in the cytoplasm. 
The cytoplasm was usually filled with granules. In sections stained with cresyl violet 


lA' 



Fig. 2. — Air encephalogram. ' Except for a rather large superficial channel on 
the left and a few other channels at the mesial surface, no air has entered the 
subarachnoid space. 


these granules were yellow. With scarlet red they were either yellow or yellow- 
orange; no bright red granules were observed with this method. Hematoxylino- 
philic granules appeared in only a few cells in sections stained with the Schaffer 
method. Mingled with the large cells were some that were smaller and appar- 
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cntly shrunken. Others appeared to be shadow forms, with absence of nuclei and 
pale pigment. There was disappearance of cells, especially in the cortex; a resul- 
tant area of status spongiosus was occasionally seen. 

Sections from the frontal lobe, including the frontal pole, the motor area, the 
premotor area and the gyrus rectus, showed pronounced diminution in the number 
of cells in all layers, especially in the third and fifth (figs. 4 and 5). 

In the first, second and third temporal convolutions and in Heschl’s convolu- 
tion diminution in the number of cells was not as marked as in the frontal region, 
in spite of severe alterations in individual ones (fig. 6). Cell-free patches, how- 



Fig. 3. — A, swollen spindle cells in the sixth layer of the cortex. Cresyl violet 
stain. B, pear-shaped cell in the lower portion of the third layer. The nucleus 
is pushed into the apical dendrite. The cytoplasm is filled with pigment. Cresyl 
violet stain. C, ballooned cells in the fifth layer. The nuclei and neurofibrils are 
at the periphery. Bodian stain. 

ever, were present and were most evident in the third layer. Loss of cells in all 
layers was also noted in the posterior central gyrus, the superior parietal lobe, 
the supramarginal gyrus and the angular gyrus of the parietal lobe (fig. 7). 
Similar to that in the temporal region, this loss was not as great as in the frontal 
lobe. The number of cells was almost normal in the gyrus cinguli. There was 
no decrease in the number of cells in the gyrus hippocampi and the cornu ammonis. 
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Fig. 4. — Frontopolar region. Many cell gaps are present, especially in the 
third layer. Cresyl violet stain. - 
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Fig. 5. — A, middle occipital g 5 '’rus; B, superior part of motor area, frontal 
lobe. Loss of cells is much more pronounced in the frontal than in the occipital 
lobe. The giant pyramidal cells are absent. The pia-arachnoid in A is thick- 
ened and contains many histiocytes. Cresjd violet stain. 
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Fig. 6. — A, second, and, B, third temporal gyrus. Cellfree patches are espe- 
cially evident in the third and fifth layers. Cresyl violet stain. 
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Fig_ 8— Cornu ammonis. All of the large cells are swollen; those in the 
fascia dentata are of normal size. Cresyl violet stain. 
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However, all of the large cells of the cornu ammonis were affected. Most of the 
smaller ones in the fascia dentata appeared to be normal (fig, 8). In the subic- 
ulum some of the cells were normal in both shape and size. Sections from the 
occipital lobe, including the area striata and the medial and superior occipital 
gj'ri, appeared to have the least diminution in the number of cells (fig, 5) ; in 
fact, the number sometimes appeared to be normal. The molecular layer con- 
tained numerous swollen astroc 3 des in all parts of the cortex that were examined. 
Horizontal cells of Cajal were occasionally seen in this layer; they seemed to be 
degenerating. The radial fibers and the bands of Baillarger were present in all 
areas examined. The superficial tangential plexus was absent. The number of 
fibers in the interradiate and superradiate networks was also diminished. This 
diminution was least prominent in the occipital lobe. Swelling of the glia cells 
similar to that seen in the ganglion cells was frequently observed. Granules were 
seen in their cjiioplasm, and occasionalb’’ the nucleus was homogeneous or degen- 
erated. Neuronophagia was noted occasionally. 

Similar types of cell degeneration were observed in the basal ganglia, midbrain, 
pons, medulla and cerebellum. The lower portion of the medulla appeared to be 
relatively least affected; some of the large ganglion cells retained their normal 
appearance and distribution of Nissl substance. No demyelination was present in 
Pal-Weigert sections. In the cerebellum, most of the Purkinje cells were absent. 
Those remaining were swollen. Bergmann’s glia cells were increased in number. 
Many of the cells in the granular laj'er were pale and swollen ; some contained 
vacuoles. The spinal cord was not examined. 

The pia-arachnoid was thicker than usual (fig. 5 A). There was an increase in 
the number of fibroblasts, and man}'- of them were swollen. Histiocytes contain- 
ing granules were also observed. 

COMMENT 

The disorder in this case was typical of the juvenile form of 
amaurotic family idiocy from both the clinical and the pathologic aspect. 
The photographic similarity among cases mentioned by Sjogren ^ was 
present, namel)'^: (1) initial onset of visual disturbances between the 
fifth and the eighth year, progressing to total blindness in one or two 
years, with retinitis pigmentosa and optic nerve atrophy; (2) mental 
deterioration and behavior disturbances, progressing throughout the 
course of the disease; (3) convulsions, usually beginning fairly late; 
(4) other neurologic manifestations, such as ataxia, tremors, nystagmus 
and pathologic reflexes, usually appealing during the terminal phase, 
and (5) death occurring from ten to fifteen years after the onset. 

The histologic alterations were also characteristic and resembled 
those described in the more common, infantile form of the disease-. 
Widespread alterations in cell structure were present throughout the 
brain. These consisted mainly of balloon-like swelling and deformation, 
with deposition of lipoids in the cytoplasm. Other cells might be 
shrunken or missing. The nucleus was pushed to the periphery or into 

1. Sjogren, T. : Die juvenile amaurotische Idiotie: Klinische und erblichkeits- 
medizinische Untersuchungen, Hereditas 14:197, 1931. 



570 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


the base of the dendrites. The latter were frequently swollen or cork- 
screw. The structure of the nucleus was better preserved than that of 
the cytoplasm, though its wall might be hyperchromatic or even 
destroyed. Nissk substance was usually absent; it was rarely seen in 
the pyramidal cells of the cortex. In many of these cells the neurd- 
fibrils were completely replaced by lipoidal granules. In others a few 
neurofibrils might be seen adjacent to the cell wall. 

Although some writers have expressed the opinion that granules 
consisting of neutral fat are characteristically seen in the juvenile form, 
in contrast to the prelipoids of the infantile form, this did not appear 
to be true in the present case, as the granules did not stain red with 
scarlet red. 

Changes were present in all of the numerous cortical areas that 
were examined, in general decreasing in severity from the frontal to 
the occipital region. The P3'ramidal cells of the third and fifth layers 
showed the most striking alterations. Few of the cells retained their 
normal contour. A decrease in the number of cells was apparent, and 
numerous gaps were observed. No giant pyramidal cells were observed 
in the motor area- None of the other cortical laminas escaped involve- 
ment, however. The molecular layer appeared sclerotic; numerous 
swollen astrocytes were noted. The superficial tangential plexus was 
absent, A few degenerating horizontal cells of Cajal were seen in this 
la3'er. Ostertag - noted them in the infantile form. These cells, which 
ordinarily disappear completel3'^ after birth, have been said to be a sign of 
arrested development.^ Alterations of the small pyramidal cells in 
the second layer were more difficult to detect than those in the third or 
fifth layers but were nevertheless, definite. Some of these cells were 
swollen, but most had only a fragment of cytoplasm adjacent to the 
nucleus. Regardless of its amount, the cytoplasm was filled with granules 
of the same type as those seen in the larger pyramidal cells. Ostertag 
observed only shrunken cells in the second layer, in contrast to the swollen 
ones seen elsewhere. He therefore made the assumption that there were 
tu'o different types of degeneration. The evidence in the present case 
indicates that the small, lipoid-containing cells may represent either 
a stage preceding swelling or subsequent shrinkage, similar to that 
seen in axonal degeneration. Most of the star cells in the fourth layer 
were swollen and filled with lipoid. Many of the spindle cells of the 

2. Ostertag, R. : Entwicklungsstorungen des Gehirns und zur Histologic 
iind Pathogenese besonders der degenerativen Markerkrankung bei amaurotischer 
Idiotic, Arch. f. Psychiat. 75:355-391, 1925. 

3. Gerstmann, J. : Beitrag zur Kenntnis der Entwicklungsstorungen in der 
Hirnrinde bei genuiner Epilepsie, Idiotic, juveniler Paralyse und Dementia prae- 
cox, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 21:286-313, 1916. 
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sixth layer had lost their normal contour and become rounded. The 
radial fibers and the bands of Baillarger were present in all regions 
of the cortex, while the tangential fibers and the superradiate and inter- 
radiate networks had partially disappeared. Diminution of the number 
of cells was not present in the region of the cornu ammonis, although 
swelling and lipoidosis were particularly striking in tlie larger ones. 
Many cells in the subiculum were normal in size and shape. This 
picture is in contrast to Scherer’s description of a decrease in cells 
in the dorsal foliage of the cornu ammonis and its transition into the 
fascia dentata, while the cells of Sommer’s sector remained compara- 
tively intact. 

Similar widespread alterations in structure have been reported by 
other investigators in various areas of the cortex in cases of the juvenile 
form of amaurotic idiocy. Their observations usually differ only in the 
relative intensit}’ of the process in the different areas and layers. 
Schob,^ for instance, was unable to recognize any normal cells in the 
cortex. Globus ® also described a universal distribution of the lipoidosis 
in the cortex in his case. He stated that the third and fifth layers 
Avere especially affected, but that portions of the fourth layer were 
seriously involved in the area striata. Status spongiosus was present 
where the cells had disappeared. Greenfield and Holmes ’’ encountered 
no distinction in the degree of cell change in various regions except 
that some cells in the hippocampus were more diffusely swollen than 
any others in the cortex. They observed that the diminution in 
number of cells affected all layers indiscriminately. Taft and Monroe’s ^ 
case of the juvenile type was characterized by severe degeneration in 
the calcarine area and relative intactness in the hippocampal region ; 
all layers were affected. In Hassin’s ° case of the late infantile type 
the third, fourth and fifth layers of the occipital lobe were practically 
destroyed and replaced by neuroglia. In our case the cytoarchitecture 
was especially well preserved in this region. Involvement of all the 

4. Scherer, H. J.: Die Ammonshornveranderungen bei der familiaren amau- 
rotischen Idiotie, Ztschr. f. d. ges. Neurol, u. Psychiat. 138:481-492, 1932. 

5. Schob, F. : Zur pathologischen Anatomic der juvenilen Form der amauro- 
tischen Idiotie, Ztschr. f. d. ges. Neurol, u, Psychiat. 10:303-324, 1912. 

6. Globus, J. H. : Ein Beitrag zur Histopathologic der amaurotischen Idiotie, 
Ztschr. f. d. ges. Neurol, u. Psychiat. 85:424-466, 1923. 

7. Greenfield, J. G., and Holmes, G. : The Histology of Juvenile Amaurotic 
Idiocy, Brain 48:183-217, 1925. 

8. Taft, A. E., and Monroe, J. P.; Familial Preadolescent Mental Deteriora- 
tion and Blindness, Am. J. Psychiat. 5:87-92, 1925. 

9. Hassin, G. B. : A Case of Amaurotic Family Idiocy, Late Infantile Type 
(Bielschowslcy) with Clinical Picture of Decerebrate Rigidity, Arch. Neurol. & 
Psychiat. 16:708-727 (Dec.) 1926. 
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layers in all cortical areas was also described by Dide and van Bogaert/'' 
although they expressed the belief that the deeper layers were more 
severely damaged. 

It ma)f be concluded that cortical alterations consist mainly of (1) 
diffuse lipoidosis and swelling of ganglion cells; (2) completely asys- 
tematic, patchlike disappeai'ance of cells, most striking in the third 
and fifth layers, and (3) sclerosis of the molecular layer with loss of 
tangential fibers. 

It is remarkable that in spite of involvement of the vast majority 
of cortical cells the loss of function was not greater. While consider- 
able mental deterioration had occurred, the patient nevertheless was 
cooperative and talkative ; in tests of vocabulary and general compre- 
hension he was at the 8 year level. As in most cases of the juvenile 
type of amaurotic idiocy, no sensory or auditory impairment was 
observed. No aphasia, agnosia or apraxia was present. Taft and 
Monroe ® stated : “The loss of vision is usually due to cortical degen- 
eration, in contrast to the macular change and optic atrophy which is 
found in the infantile group.” This appears to be unlikely in the 
present case. Not only was the calcarine area relatively less damaged 
than other portions of the cortex, but severe degenerative changes 
(retinitis pigmentosa with optic nerve atrophy) were present in the 
fundus. 

The electroencephalographic activity was not particularly disorgan- 
ized. In some areas no definite abnormalities were noted. Some 
random slow activity Avas present, particularly in the occipital region ; 
none of this was of great amplitude. A fairl)’- well organized electro- 
encephalographic pattern Avas also noted in the case of Levy and 
Little some 6 per second activity Avas observed in the frontal and 
central regions, but the alpha rhythm AA^as Avell defined in the occipital 
region. When the electroencephalographic examination Avas repeated 
one year later, numerous delta waA^es of high amplitude had appeared. 
While in LeA^y and Little’s “ case the onset of grand mal convulsions 
Avas noted betAveen the taking of the tAvo records, in our case seizures 
had occurred prior to the recording of the relatively normal electro- 
encephalogram. One is therefore unable to assert that any specific 
relation exists betAveen the disorganization of electrical activity in the 
cortex and convulsions in this disease. 

From these observations one is led to the conclusion that marked 
alterations in the cytoplasm of the ganglion cells Avith damage to neuro- 

10. Dide, M., and van Bogaert, L.t Sur I’Idiotie amaurotique juvenile (type 
Spielmeyer-Vogt), Rev. neurol. 69:1-42, 1938. 

11. Levy, S., and Little, O. A. G. : Juvenile Familial Amaurotic Idiocy (Vogt- 
Spielmeyer Disease), Arch. Neurol. & Psychiat. 44:1274-1289 (Dec.) 1940. 
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fibrils and loss of Nissl substance of the type noted in this case may 
not be of as great importance in the production of neurologic deficit 
and disorganization of the normal electroencephalographic pattern as 
is frequently supposed. The relatively moderate impairment of the cell 
nuclei and the almost complete intactness of the myelin sheaths and 
axons, in spite of the long course of the disease, is further indication 
of relative functional integrity, despite the striking alterations in cell 
structure. 

The failure of most of the subarachnoid channels to fill in the air 
encephalogram and the elevated cerebrospinal fluid pressure may be 
correlated with the large size of the brain and the shallow sulci. This 
was apparently due to the swelling of the ganglion cells and the prolif- 
eration of glia. 

summary 

A case of the juvenile type of amaurotic family idiocy is described. 
An attempt is made to correlate the results of neurologic, psychologic, 
encephalographic and histologic studies, with particular reference to 
cortical activity. In spite of severe and widespread cellular alterations, 
many cortical functions were retained, and the electroencephalographic 
pattern was not especially impaired. 

Stanford University Hospitals, San Francisco. 
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SURGICAL HISTORY OF TRIGEMINAL NEURALGIA 
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It has been said that Hippocrates, Aretaeus, Galen and othei's 
referred to trigeminal neuralgia and that the condition was mentioned 
as early as 400 B. C. Bretschneider,^ in his monograph on the external 
neuralgias, referred to the accounts of these ancient writers; none of 
them, however, was sufficient!)^ accurate to justify the diagnosis of 
trigeminal neuralgia. Avicenna (980-1036 A. D.), of the Arabic school 
of medicine, is often cited as having described trigeminal neuralgia, but 
Lewy,' who was the first to translate correctl)' Avicenna’s work, 
indicated that he dealt with facial paralysis and facial spasm rather than 
with a disorder affecting the fifth nerve. 

According to Lewy, the first authentic case of tic douloureux was 
recorded by Bretschneider. He, on the other hand, failed to distinguish 
this case from numerous others in which the condition undoubtedly did 
not belong to the trigeminal neuralgias. According to Lewy, Johannes 
Laurentius Bausch, municipal counselor, physician and philosopher, 
founder and first president of the Imperial Leopoldinian Academy of 
Natural Sciences in Schweinfurt, Franconia (Bavaria), suffered for 
years from trigeminal neuralgia. He finally died in 1665 of compli- 
cations occasioned by this, at that time, incurable disease. The eulogy 
written by the secretaries of the academy. Dr. Johannes IMichael Fehr 
and Dr. Elias Schmidt, gives an account of Dr. Bausch’s illness and 
death. The outstanding features of the disease as known today are 
described in this eulogy, which was published in 1672. 

During the following year numerous similar cases were reported. 
Well known in the literature is the instance described by the author and 
philosopher John Locke.® In one of his almanacs he recounted the story 
of the Countess of Northumberland, wife of the English ambassador to 
Paris, and gave a detailed account of the signs and symptoms of her 

From the Department of Neurosurgery of the Albany Hospital and Medical 
College, Union University. 

1. Bretschneider, H. : Versuch einer Begriindung der Pathologie und Therapie 
der ausseren Neuralgien, Jena, F. Mauke, 1847. 

2. Lewy, F. H. : The First Authentic Case of Major Trigeminal Neuralgia. 
Ann. M. Hist. 10:247, 1938. 

3. Locke, J. : The Celebrated Locke as Physician, Lancet 2:367, 1828. 
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illness. This layman’s description is accurate enough to permit the diag- 
nosis of trigeminal neuralgia. 

Andre, ^ in 1756, first spoke of trigeminal neuralgia as “tic dou- 
loureux.” In 1776 Sir John Fothergill ^ gave the first classic description 
of this disorder. For a long time after this trigeminal neuralgia was 
referred to as “Fothergill’s disease.” 

The surgical histoi*}' of trigeminal neuralgia reveals a centripetal 
approach to the problem. With the passing of time the tendency has 
been to substitute central and more radical measures for the relatively 
ineffective peripheral approaches. This history is divisible into four 
periods — those of operations on the peripheral nerves, on the ganglion, 
on the sensory root and on the central connections in the brain stem 
respectively. 

The first period in the operative history is concerned with procedures 
limited to the peripheral nerves. These include neurotomy, neurectomy, 
extraction of the nerve and ner\^e stretching. 

Neurotomy, simple cutting of the nerve, was performed by Galen 
as early as 180 A. D. In spite of the ineffectiveness of this operation, 
it was still being employed as late as 1840. The branches of both the 
fifth and the seventh ner\'-e were sectioned in the face. In those days 
these nerves were not differentiated physiologically, and as a result 
were considered equally responsible for the pain. In the words of 
Monro, a surgeon of the latter part of the eighteenth century, “two 
ner^^es were given to the face lest by accidental division of one the face 
should be deprived of nervous power altogether.” 

It remained for Sir Charles Bell,'^ in 1820, to show the folly of this 
false belief with his clinical and experimental observations which 
differentiated the fifth and the seventh nerve. In spite of this work. 
Bell complained that many surgeons of that period continued to section 
the seventh nerve for the relief of tic douloureux. However, in time 
Bell’s work became universally accepted, and the relation of the 
trigeminal nerve to tic douloureux was established. 

Neurectomy was recommended by Abernethy® in 1793 as a means 
of preventing recurrences of the neuralgia. Many modifications 
inevitably followed. Von Klein,® in 1822, crushed and cauterized the 

4. Andre, N. : Observations sur les maladies de I’urethre et sur plusieurs 
faits convulsifs, Paris, Delaguette, 1756, p. 323. 

5. Fothergill, J. : Of a Painful Affection of the Face, Med. Obs. Soc. Phys. 
5:129, 1776. 

6. Galen, cited by Horsley, Taylor and Colman.^i 

7. Bell, C. : The Nervous System of the Human Body, Washington, D. C., 

Duff Green, 1833. ' 

8. Abernethy, J.; Surgical and Pathological Essays, London, J. Evans, 1793. 

9. von Klein: Ueber die Moglichkeit der Zerstbrung des Gesichtsnen'en bei 
seinem Austritt aus dem Schadel, J. d. Chir. u. Augenh. 3:46-61, 1822. 
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central end. Malgaigne split the central portion longitudinally and 
looped it back. Other workers interposed soft tissues between the 
divided ends. These refinements, the products of cerebration and 
frustration, were indeed ingenious, but it appears that the time for 
successful treatment of tic douloui'eux had not yet arrived. 

Evulsion of the peripheral nerve, merely an extension of neurectomy 
in which a greater portion of the nerve was removed, represented 
another unsuccessful attempt at therap)^ Thiersch developed this- 
method to its fullest degree, attacking all three branches of the trigeminal 
nerve and removing the nerve almost in its entiret}". 

Stretching the nerve was first introduced by von Nussbaum in 
1872. Vogt,^^ however, first employed it in 1876 for tic douloureux. 
Unfortunately, he too was unsuccessful. 

The operations on the smaller peripheral branches later gave way 
to those centering about the three divisions of the nerve. Many methods 
were devised to reach each division. Warren, in 1828, was the first 
to section a nerve proximal to its foramen. He used the trephine to 
reach the inferior maxillar}'- neiwe. The names of Lucke,’-® Braun,^® 
Lossen,^^ Pancoast, Krdnlein,^® Velpeau,-® Horsley and associates,®^ 
Carnochan ®® and many others were associated with this operation. 

10. Malgaigne, J. F. : Manuel de medecine operatoire, fondee sur I’anatomie 
normale et I’anatomie pathologique, ed. 4, Paris, Germer-Bailliere, 1843, p. 53. 

11. Thiersch, C. : Ueber Extraction von Nerven, init Vorzeigiing von Prapa- 
raten, Verhandl. d. deutsch. Gesellsch. f. Chir. 18:44, 1889; cited by Rose.^-* 

12. von Nussbaum, J. N. : Blosslegung und Dehnung der Riickenmarksnerven ; 
eine erfolgreiche Operation, Deutsche Ztschr. f. Chir. 1:450, 1872. 

13. Vogt, P. : Die Nerven-Dehnung als Operation in der chirurgischen Praxis ; 
eine experimentelle und klinische Studie, Leipzig, F. C. W. Vogel, 1877. 

14. Warren, J. : Cases of Neuralgia, Boston AI. & S. J.' 1:1, 1828. 

15. Liicke, A.: Ausschneidung des zweiten Astes des Nervus trigeminus nach 
temporarer Resection des Jochbogens, Deutsche Ztschr. f. Chir. 4:322, 1875. 

16. Braun, H. : Neurektomien des zweiten Astes des Nervus trigeminus nach 
osteoplastischer Resektion des Jochbeines, Centralbl. f. Chir. 9:249, 1882. 

17. Lossen, H. : Neurektomie des zweiten Astes des Trigeminus nach osteo- 
plastischer Resektion des Jochbeines, nebst Vorschlag zu einer neuen Schnitt- 
fuhrung, Centralbl. f. Chir. 5:65, 1878. 

18. Pancoast, J. : New Operation for the Relief of Persistent Facial Neuralgia, 
Philadelphia M. Times 2:285, 1871-1872. 

19. Kronlein, R. U. : Ueber eine Methode der Resection des zweiten und dritten 
Astes des N. trigeminus unmittelbar am Foramen rotundum und ovale, Deutsche .. 
Ztschr. f. Chir. 20:484, 1884. 

20. Velpeau, cited by Obalinski, A.: Ueber die temporare Resection des Unter- 
kiefers behufs Vornahme der Neurectomie des dritten Trigeminusastes, Wien. med. 
Presse 30:337-340, 1889. 
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In this first period the operative approach was based on the anatomic 
distribution of the trigeminal nerve. The results of many of these 
operations were both sad and ghastly; sad because the pain invariably 
recurred, and ghastly because the cosmetic result was rarely considered. 
The removal of bone and tissue was undertaken with few scruples by 
the surgeon in an attempt to reach the nerve. 

The second period in the operative history is concerned with the 
gasserian ganglion. Carnochan, in 1858, first proposed removal of this 
ganglion. For nearly thirty years the operation remained unrecognized, 
until Abbe,-"’ in 1889, emplo3^ed Carnochan’s approach in a case of tic 
douloureux. Two years later (1891) Horsley and associates”’^ devised 
an operation in which the gasserian ganglion was removed by a temporal 
approach, but in the 1 case in which it was attempted the patient died. 
Credit for the first successful removal of the gasserian ganglion and the 
peripheral nerves belongs to Rose,-* who in 1892 approached the 
ganglion by trephining the base of the skull through the pterygoid 
region. The operative approach which enjoyed the most success was 
developed by Hartley,-® also in the same year. He reached the ganglion 
through the temporal region immediately above the zygoma. 

With the increased efifectiveness of operative relief of pain, neuro- 
surgeons turned their efforts toward a reduction in- the complications 
and the mortality. . Tiffany,-® in 1896, suggested the refinement of 
partial ganglionectomy in an effort to reduce the postoperative trophic 
disturbances of the cornea. He based his proposal on 2 observations 
which he derived from a review of 108 operations on the ganglion, in 
which the methods of Rose,-* Flartley,-® Krause,-’^ Horsley and asso- 
ciates and Doyen -® were used. Tiffany stated ; 

The first division is never involved alone, involvement being due entirely to 

reflex irritation. . . . Complications ensue when the first branch is removed. 

■ ■ - ■ * 

21. Horsley, V.; Taylor, J., and Colman, W. S. ; The Various Surgical Pro- 
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2:1139, ,1191 and 1249, 1891. 
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24. Rose, W. : Abstracts of the Lettsomian Lectures on the Surgical T reat- 
ment of Trigeminal Neuralgia, Lancet 1:71, 182 and 295, 1892. 

25. Hartley, F. ; Intracranial Neurectomy of the Second and Third Divisions 
of the Fifth Nerve, New York M. J. 55:317, 1892. 

26. Tiffany, L. M. : Intracranial Operations for the Cure of Facial Neuralgia, 
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Another proposal of Tiffany’s was to modify the Hartley-Krause 
operation so as to preserve the motor root. Cushing,-® in 1900, 
developed the “infra-arterial” approach to the ganglion in an effort to 
reduce further the operative mortality. In this operation the zygoma 
was resected and the trephine opening made heneath the arch of the 
middle meningeal artery. 

d'he third period in the operative history was introduced by Frazier 
and Spiller,”® hut it actually goes hack to Horsley’s unsuccessful attempt 
in 1891 to remove the gasserian ganglion, with section of the sensory 
root. If Florsley’s patient had lived the benefits of this operation might 
have been recognized earlier. The high mortality in ganglionectomies 
led Frazier and Spiller to seek an operation with less danger to the 
patient. The results of their experiments developed into the operation 
in which the sensory root is sectioned — “a physiological extirpation of 
the Gasserian ganglion.” The first successful operation of this type 
was performed by Frazier in 1901, in which the sensory root Avas 
approached by the IIartley-Krau.se technic. .Mthough the motor root 
was sectioned at this operation, Frazier maintained that it coiikl he 
spared. 

Spiller and Frazier,®®" Bregmen and van Gehuchten performed 
excellent histoanatomic studies of the trigeminal pathways. These 
investigators observed that a definite anatomic relation exists between 
the various components of the trigeminal nerve, not only in the 
peripheral divisions but in the ganglion, the sensory root and the spinal 
root. They noted that the ventral portion of the spinal root corresponds 
to the medial portion of the sensor}"^ root and the dorsal portion of the 
spinal root to the lateral portion of the sensory root. Thus, since the 
central and peripheral prolongations of the gasserian ganglion preserve 
a definite spatial arrangement, it was reasoned that the ganglion also 
must have a definite order of arrangement. Tiffany’s suggestion of 

29. Cushing, H. : A Method of Total Extirpation of the Gasserian Ganglion 
for Trigeminal Neuralgia by a Route Through the Temporal Fossa and Beneath 
the Middle Meningeal Artery, J. A. M. A. 34:1035 (April 28) 1900. 

30. (a) Spiller, W. G., and Frazier, C. H. : The Division of the Sensory 
Root of the Trigeminus for the Relief of Tic Douloureux, Univ. Pennsylvania 
M. Bull. 14:341, 1901. Frazier, C. H., and Spiller, W. G. : Physiologic Extir- 
pation of the Ganglion of Gasser: Further Report on Division of the Sensory 
Root for Tic Douloureux, Based on the Observations of Four Cases, J. A. M. A. 
43:943 (Oct. 1) 1904. 

31. Bregmen, E., in Obersteiner, H. : Arbeiten aus dem Institut fiir Anatomic 
und Physiologic des Centralnervensystems an der Wiener Universitat, Leipzig, 
F. Deuticke, 1892, pp. 88-92. 

32. van Gehuchten, A.: The Surgical Treatment of Trifacial Neuralgia, Univ. 
Pennsylvania M. Bull. 17:50, 1904. 
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sparing the inner third of the ganglion in order to preserve vision was 
thus substantiated. 

It was felt that at last the ideal treatment for tic douloureux had 
l)een found. But some of the complications of the operation on the 
sensory root, such as trophic ulceration of the cornea and paratysis of 
the motor division of the trigeminal nerve, were still to be eliminated. 
Frazier,®® in 1921, offered a refinement in which the motor root was 
spared. He suggested the use of an electrode not only to identify this 
root but to allay any fear that a sensory fasciculus was left behind. In 
1925 he employed subtotal resection of the sensory root, with section 
only of the outer two thirds. A still more precise refinement was 
instituted in 1928 by Stookey.®® who advocated the differential section 
of the sensory root, depending on the area of the face involved. 

Dandy,®® in 1925, developed the suboccipital approach to the sensory 
root at the pons. With this pontile approach he succeeded in avoiding 
the complications commonly met with in the temporal approach. 

The fourth period in the operative history is still in the formative 
stage. It is concerned with section of the tract in the brain stem. 
Anatomically, section of the tract is ideal because it eliminates only the 
pain fibers. Serra and Neri,®" in 1936, sectioned the quintothalamic 
tract. Sjoqvist,®® in 1938, sectioned the bulbospinal tract of the tri- 
geminal nerve within the medulla oblongata. Unfortunately, serious 
complications from this operation have been reported. Olivecrona 
has already suggested an improvement in the technic which supposedly 
eliminates the danger of laryngeal palsy and disturbance of gait and 
station. However, too short a period has elapsed for the proper evalua- 
tion of these procedures. 

33. Frazier, C. H. ; A Refinement in the Radical Operation for Trigeminal 
Neuralgia, J. A. M. A. 76:107 (Jan. 8) 1921. 

34. Frazier, C. H. : Subtotal Resection of Sensorj' Root for Relief of Major 
Trigeminal Neuralgia, Arch. Neurol. Si Psjxhiat. 13:378 (March) 1925. 

35. Stookey, B. ; Dillferential Section of Trigeminal Root in Surgical Treat- 
ment of Trigeminal Neuralgia, Ann. Surg. 87:172, 1928. 

36. Dandy, W. E. : Section of Sensory Root of Trigeminal Nerve at Pons, 
Bull. Johns Hopkins Hosp. 36:105, 1926; An Operation for the Cure of Tic 
Douloureux, Arch. Surg. 18:687 (Feb.) 1929. 

37. Serra, A., and Neri, V. : Die elektro-chirurgifeche Unterbrechung dcr 
Zentralbahnen des V. Paares am lateralen ventralen Rand des Pons Varoli als 
erster Bebandlungsversuch von hartnackigen Neuralgien des Trigeminus durch 
Tumoren der Schadelbasis, Zentralbl. f. Chir. 63:2248, 1936. 

38. Sjoqvist, O.: Eine' neue Operationsmethode bei Trigeminusncuralgie. 
Durchschneidung des Tractus spinalis trigemini, Zentralbl. f. Neurochir. 2:274, 
1938; Trigeminal Neuralgia: A Review of Its Surgical Treatment and Some 
Aspects of Its Etiology, Acta chir. Scandinav. 82:201, 1939. 

39. Olivecrona, H.: Tractotomy for Relief of Trigeminal Neuralgia, Arch. 
Neurol. & Psychiat. 47:544 (April) 1942. 
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Although tic douloureux toda)' is curable, little if anything is known 
of its cause. Many theories have been advanced ; none so far has proved 
accurately to explain its cause. 

The centripetal development of operative procedures for tic dou- 
loureux indicates a distinct advancement in surgical science. In the 
words of Oliver Wendell Holmes, “The great thing in this world is not 
so much where we stand, as in what direction we are moving.” 

Dr. E. H. Campbell and Dr. T. J. C. von Storch gave helpful criticism and 
suggestions. 


.'Mbany Medical College. 



FOREIGN BODY GRANULOMAS PRODUCED 
BY SURGICAL COTTON 


FRANK H. MAYFIELD, M.D. 

AND 

WILLIAM McKEE GERMAN, M.D. 

CINCINNATI 

A case of fatal adhesive or proliferative arachnoiditis resulting from 
particles of surgical cotton (co.ttonoid left at operation prompted the 
study of which this paper is a report. Because of the observations in 
this case we have reexamined all of the material we had available in 
cases in which autopsy had followed operation or in which a previous 
operation had been done, and in nearly every instance we found that 
occasional cottonoid fibers had been left and that about them there was 
a foreign body reaction of a granulomatous type. In most of the 
specimens the amount of cottonoid was scant and the amount of tissue 
reaction so slight that it could hardly have been of clinical significance. 
Yet we feel that in many instances some fibers of cotton or cottonoid 
left in the wounds, depending on the amount and location, are capable 
of producing a reaction that will obstruct circulation of the cerebrospinal 
fluid. 

It has been known for many years that cotton buried in tissues pro- 
duces granulomas (Spies, Mandeville and Awdziewicz -). Nevertheless, 
though pledgets of cotton or the proprietary preparation cottonoid have 
been widely used as absorbent sponge material during neurosurgical 
operations, we have found no reference to this subject. The lack of 
previous clinical reports may be explained by the fact that since the 
cellulose fibers are relatively inert chemically, they do not stain by any 
of the ordinary methods and are, therefore, not readily visualized by 

Read before the Society of Neurological Surgeons, May 2, 1941, Richmond. Va. 

From the Departments of Neurosurgery and Pathology, Good Samaritan 
Hospital. 

1. Cottonoid is described by Johnson & Johnson as “a compressed lightly- 
embossed and lightly-sized cotton sheet. It is prepared from a web of our best 
grade surgical cotton (i. e., comparable to Red Cross cotton), which stock is passed 
under an embossing roll with a light sizing solution, the pressure and size con- 
tributing toward bonding and strengthening of the sheet. This size bath consists 
of approximately 2% dextrinized corn starch and 0.8% boric acid.” 

2. Spies, J. W. ; Mandeville, F. D., and Awdziewicz, F. J.: Nature and 
Result of Animal Tissue Reactions to Cellulose, Proc. Soc. Exper. Biol. & Med. 
30:420-425, 1933. 


581 



582 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


the transmitted light of the standard microscope. ^V'’hen sections con- 
taining cottonoid are studied under polarized light, the fibers of cellulose 
stand out brightly in the darkened field. 

The case of adhesive arachnoiditis referred to in the opening para- 
graph justifies a brief report. 

REPORT OF A CASE 

Sister M. D., a white woman aged 23, was admitted to the Good Samaritan 
Hospital in Cincinnati on Nov. 15, 1939 with the complaint of recurring bouts 
of vertigo and slight tinnitus in tiie left ear. She had not experienced headache. 
The fundi were normal. There was hypesthcsia of the left cornea. During the 
bouts of vertigo, nystagmus was present, and there was pronounced unsteadiness 
of gait, with a tendency to fall to the left. Between the bouts there was no 
ataxia and no alteration of gait and station. 

On November 18 a lumbar puncture was done. The initial pressure, with the 
patient in the horizontal position, was 140 mm. of water. The fluid was clear 
and colorless. The cell count was 0; the protein content was 30 mg. per hundred 
cubic centimeters, and the Wassermann reaction was negative. 

Roentgen examination of the skull revealed no pathologic change. 

Prior to admission, intensive medical therapy (potassium chloride and histamine 
phosphate) had been given for several months, without benefit. It was suspected 
that the patient had a tumor in the left cercbellopontile angle, and it was decided 
to explore this area, with the plan of dividing the vestibular portion of the eighth 
nerve if no tumor was encountered. 

On November 27, with the use of procaine anesthesia, the left cerebellar fossa 
was explored. No tumor was seen. The vestibular portion of the eighth nerve 
was divided. During the course of the operation a pledget of cottonoid, identified 
with a silk suture, was placed between the tonsils of the cerebellum to prevent 
oozing blood from entering the fourth ventricle. On the fourth postoperative 
day, the patient had begun to complain of severe headache and showed evidence 
of increased intracranial pressure. A lumbar puncture released blood-tinged fluid 
under 350 mm. of pressure. 

Because a hematoma was suspected, the wound was reopened on Dec. 1, 1939. 
There was about 1 teaspoon of clotted blood in the extradural space. The tonsils 
of the cerebellum were adherent to each other. They were released. Immediately 
after operation the patient appeared in good condition, but three days later there 
was again evidence of increased intracranial pressure. Attempts to control this 
pressure by repeated ventricular and spinal taps were unsuccessful. 

On Jan. 5, 1940 ventriculographic examination and exploration of the posterior 
fossa were carried out. The arachnoid and pia about the lower pole of the 
cerebellum were greatly thickened, and the cerebellar tonsils were' densely adherent 
to each other, so that the foramen of Magendie was occluded. Insofar as possible, 
the normal pathways of the cerebrospinal fluid were reestablished by separation 
of the adherent surfaces, and for about ten days the intracranial pressure seemed 
to be controlled. Thereafter, the area of decompression again began to bulge, and 
it was obvious that the circulation of the cerebrospinal fluid was again obstructed. 

On January 19 a third ventriculostomy was done; except for moderate hyper- 
thermia, the patient did fairly well until the end of the third day, when she had 
a sudden convulsive seizure. Thereafter, she remained in coma until her death, 
six hours later. 
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Autopsy was performed three hours after death. There was nothing remarkable 
about the cerebral hemispheres, except for marked dilatation of the entire ven- 
tricular system and the surgical opening in the wall of the third ventricle. About 
the brain stem, however, the leptomeninges were greatly thickened, and this reaction 
spread over the inferior surface of the cerebellum. The cerebellar tonsils were 
densely adherent to each other, and the foramen of Magendie was occluded. In 
the upper portion of the fourth ventricle there was a small tumor nodule, 
measuring 7 mm. in diameter. This tumor, on microscopic examination, proved 
to be an ependymoma of low grade malignancy. We were convinced that it was 
not of sufficient size to have occluded the fourth ventricle. 

Microscopic examination of the thickened leptomeninges showed an extensive 
productive reaction characterized by the formation of granulomas, which in certain 
areas bore a striking resemblance to tubercles. Associated \\*ith the granulomas 
were diffuse proliferation of fibroblasts, much edema and a collection of lympho- 
cytes and giant cells. Under polarized light, there were seen numerous fragments 
of cottonoid material, each fragment serving as a nucleus for the formation of a 
granuloma. There was no evidence of p 3 ’^ogenic infection (fig. 1). 

OTHER MATERIAL 

In all, 12 specimens from operative cases were reexamined. In 8 of 
the 12 cases we were able to find an occasional fiber of cottonoid, and in 
each instance a granuloma surrounded the fiber. 

In figure 2 are shown sections of a granuloma observed at autopsy in 
the bed from which an acoustic neurinoma had been removed. The 
patient had bilateral acoustic neurinoma and a meningioma in the pos- 
terior fossa. Death followed the attempt to remove an acoustic neuri- 
noma on the right side. 

COMMENT 

This group of cases had one thing in common, the production of 
foreign body granulomas. These granulomas were characterized by a 
tissue reaction consisting of the proliferation of fibroblasts, with some 
of the cells resembling epithelioid cells; the accumulation of certain 
wandering cells, most of which were monocytes and lymphocytes, and 
the appearance of multinucleated giant cells about foreign body elements, 
which in this instance were cellulose fibers. In certain cases the granu- 
lomas resembled tubercles, and in 1 instance the resemblance was so 
striking that special stains were carried out to eliminate the presence of 
tuberculosis. 

For the most part, the granulomas occur, as might be supposed, in 
the arachnoid and cause extensive chronic productive arachnoiditis, 
which, depending on the degree and location, may lead to obstructive 
phenomena. When the cellulose material is scanty, its recognition ma}'- 
be difficult. Of great aid in its identification is the use of polarized light. 

It was interesting to note in the specimens examined that when the 
field of operation was small, so that pledgets of cottonoid were repeatedly 
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Fig. 1. — Tuberculous-like reaction in the human basilar meninges produced by 
cottonoid used as a surgical sponge. With ordinary illumination (above) the 
cottonoid fibers which are being attacked by giant cells in the arachnoid, escape 
attention, while with polarized light (below) the material becomes obvious. 









Fig. 2; — Above, photomicrograph of a thickened arachnoid viewed with ordinary 
illumination and slightly out of focus. The cottonoid fibrils are barely perceptible. 

Below, the same microscopic field viewed with polarized light The same 
fibrils stand out dramatically in illumination against a darkened field. 

Hortega silver impregnation. 
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pushed in and out of small openings, the amount of material left was 
greater. When the field of exposure was large, the amount left was 
minimal. 

It is not our intention to condemn the use of cotton or cottonoid. 
However, it does seem well, in view of the general use of these materials, 
to call attention to the possibility of fibers being detached and left in the 
field of operation. Thorough irrigation of the wound would probably 
remove all particles. Cottonoid has been used 'exclusively by us as 
absorbent sponge material in preference to standard cotton. We do not 
feel that the reaction described is tbe result of any inherent chemical 
property of this proprietary product, but rather that it would occur as 
a response to any nonabsorbable foreign body left in the tissues. 

SUMMARY 

A case of fatal adhesive arachnoiditis resulting from foreign body 
reaction to surgical cotton is reported. Observations in other cases in 
which fibers of this material were left at operation are commented on. 



COMPARISON OF METRAZOL ’ CONVULSIVE 
THERAPY WITH ELECTRIC SHOCK IN 
TREATMENT OF SCHIZOPHRENIA 

EVALUATION OF RESULTS OBTAINED IN TREATMENT OF 
ONE HUNDRED SCHIZOPHRENIC PATIENTS 
WITH ELECTRIC SHOCK 

LEON REZNIKOFF, M.D. 

Clinical Director, Hudson Countj’^ Hospital for* Mental Diseases 

SECAUCUS, N. j. 

In 1940 I reported ^ results obtained in the treatment of 100 
schizophrenic patients with metrazol convulsive therapy. A similar 
stud}^ has been conducted during the past one and one-half years in 
the treatment of 100 schizophrenic patients with electric shock. The 
present group was composed approximately of the same type of 
psychiatric material as that employed in the first study. 

It has been emphasized by several writers that the difference in diag- 
nostic criteria used by various clinicians in arriving at the diagnosis of 
schizophrenia is responsible for contradictory reports as to the results 
obtained with shock therapy in many hospitals. It is even debatable 
at present whether the term schizophrenia is actually limited to one 
mental disorder or may include a variety of similar psychiatric con- 
ditions. Besides, patients seen by psychiatrists in private practice and 
outpatient mental hygiene clinics are often of different type than those 
committed to public institutions. In psychiatric clinics one is apt to see 
more patients with borderline disorders without deterioration. In private 
hospitals patients are encountered of higher social, economic and educa- 
tional level. Hence, tremendous discrepancies are noticed in the reports 
on results obtained with shock therapy by various workers in all sorts of 
institutions. 

MATERIAL 

The present study was made on patients admitted to the same public hospital, 
which derives patients from a comparatively small community of approximately 
the same social level as that represented two years ago when • the results with 
metrazol -treated patients were reported. The two groups were essentially the 
same, and special effort was made to compare each group as to type of schizo- 

1. Reznikoff, L. : Evaluation of Metrazol Shock in Treatment of Schizo- 
phrenia: Report of Results in One Hundred Cases, Arch. Neurol. & Psychiat. 
43:318-325 (Feb.) '1940. 
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phrenia, duration of psychosis, mode of onset and precipitating factors, duration 
of hospitalization prior to treatment, age, sex, factors of chronicity, tendency to 
deterioration and hospital atmosphere, including psychologic influences during the 
administration of shock therapy. 

Each group included only patients whose condition could be diagnosed as 
schizophrenia without the slightest doubt. All patients in each group were pre- 
sented at the staff conference before administration of shock therapy, so that 
only patients whose psychosis was definitely diagnosed as schizophrenia were 
used in this study. At tlie completion of treatment, they were again presented 
at the staff conference and classified as “with remission,” “much improved,” 
“improved” and “not improved” (these terms having been in a previous com- 
munication 1). 

PROCEDURE 

Since the technic of administration of electric shock therapy has been adequately 
described in many papers and is comparatively simple, it seems unnecessary to 
repeat it here. The electric shock machine manufactured by Rham, Inc., was 
used in this work. Treatment was given three times a week. 

Of the 100 patients, 42 were men and 58 women. A total of 1,921 treatments 
was given, of which 1,160 resulted in generalized convulsive seizures. All degrees 
of reactions could be observed during the application of electric shock. At times, 
with a low voltage for a given patient, only slight flushing of the face or pallor 
and blinking of the eyelids were obtained. At other times typical petit mai 
attacks or intermediate reactions between petit and grand mal, or even abor- 
tive attacks of grand mal might result. However, it seems that generalized con- 
vulsive seizures that look like attacks of grand mal epilepsy must be produced 
in order to achieve therapeutic effect. A few patients treated with only petit mal 
attacks, because of mild contraindications, improved only slightly, and a drastic 
difference was noted when the type of convulsions induced was changed from 
petit to grand mal. In some e.xceptional cases, in which extreme caution was 
required because of an obvious physical contraindication, a course of petit mal 
attacks might be attempted. Ordinarily, if a grand mal seizure was not pro- 
duced, another treatment was given in five to ten minutes; no harm was observed 
when this interval was shortened to two minutes. In fact, in 2 or 3 shock- 
resistive patients, when a grand mal seizure could not be induced with tlie highest 
voltage available with this machine, another treatment was given at once, with 
production of the desired generalized convulsion. Several other measures may be 
taken to produce a generalized seizure in patients who require higher voltage. 
For example, the interval between treatments may be lengthened from three 
times to twice a week, and in some exceptional cases even to once a week. 
An attempt was made to reduce the convulsive threshold by alkalinizing the 
patients with large doses of sodium bicarbonate. This procedure, however, was 
unsuccessful. In general, it may be stated that one rarely encounters this difficulty, 
that it does seem to occur more often in women than in men (perhaps because 
of thicker growtli of hair over the area where the electrodes are applied) and 
that it is present in some older patients. 

Since only schizophrenic patients were included in this group, the oldest was 53 
and the youngest 15 years of age. As with metrazol treatment, the majority of 
patients gained weight, and only a few lost. However, the gain in weight with 
electric shock was considerably lower than that with metrazol. The average 
gain in weight with electric shock amounted to 6.4 pounds (2.9 'Kg.) and that with 
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metrazol to 9.14 pounds (4.2 Kg.). It has also been noticed that the patients 
who failed to gain weight reacted poorly to the treatment and did not improve. 
Patients were allowed to have 8 to 12 generalized convulsive seizures ; a few had 15 ; 
the average was 11.6 generalized convulsive attacks. A few patients relapsed two 
or three weeks after therapy was completed and then were given a few additional 
treatments, while 9 patients received a complete additional course after six to 
twelve weeks. In the metrazol-treated group, at first as many as 40 convulsive 
seizures of grand mal type were produced, and only later was it considered that if 
there was no improvement with 20 or 25 grand mal seizures further administration 
of metrazol therapy was useless, since in some patients satisfactory results were 
obtained with 10 seizures. Because the electric shock era followed the use of 
metrazol, some knowledge had been gained from electroencephalographic studies 
which indicated that rather persistent abnormal waves may follow prolonged con- 
vulsive therapy.- It seems best now not to allow a patient to have more than 12, 
or at the most 15, generalized convulsive attacks in one course of treatment. 
This caution is especially warranted since up to the present sufficiently compre- 
hensive microscopic studies of human brain tissue after electric shock have not been 
made, obviously owing to lack of material.^ 

The longest duration of psychosis among the patients in this group was about 
ten years and the shortest six weeks. The average duration of illness was twenty- 
four and four-tenths months. According to the duration of psychosis, the patients 
were divided into four groups; 


Duration 


No. of Patients 


Under 6 months 29 

6 months to 2 years 40 

2 years to 5 years 18 

Over 5 years 13 


They were classified as to the type of schizophrenia as follows ; 

Type No. of Patients 


Catatonic 20 

Paranoid 63 

Hebephrenic 14 

Simple 3 


RESULTS 

Since relapses following any kind of shock therapy for schizophrenia 
are rather frequent, it is important to keep in mind that statistical results 
obtained immediately after treatment will differ considerably from those 
compiled after several months of observation of the patient. 

In this group of patients, if remission was not maintained and the 
patient relapsed in a few weeks, he was classified as unimproved. The 

2. Davis, P. A., and Sulzbach, W.: Changes in the Electroencephalogram 
During Metrazol Therapy, Arch. Neurol. & Psychiat. 43:341-353 (Feb.) 1940. 
Pacella, B. L., and Barrera, S. E. : Some Considerations of the Electroenceph- 
alogram in the “Convulsive State,” J. Nerv. & Ment. Dis. 96:125-129 (Aug.) 
1942. 

3. Alpers, B. J., and Hughes, J. : Changes in the Brain After Electrically 
Induced Convulsions in Cats, Arch. Neurol. & Psychiat. 47:385-398 (March) 1942. 
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present report was prepared two to eighteen months after completion 
of the treatment ; that is, the first patient completed treatment with 
electric shock eighteen, months ago and the last patient only two months 
ago. Table 1 shows the results of treatment according to the duration 
of” schizophrenia, including the relapses. 

As is seen in table 1, 68 patients were unimproved and 32 patients 
were improved (of these, 13 patients were classified as having achieved 
remission, 4 patients were much improved and 15 patients were 
improved). In the metrazol-treated group after relapses were taken 
into consideration, approximately the same results were obtained. In 
both groups better results were obtained in patients with a shorter dura- 
tion of mental illness. Of the 29 patients treated with electric shock 
who were ill less than six months, 14 improved and 15 failed to improve, 
while in the group of 31 patients with duration of psychosis of more 


Tabi.e 1. — Results of Treatment According to Duration of Schizophrenia, 

Including Relapses 


Patients Patients Patients 

with Much Patients Not 

Remissions Improved Improved Improved 

« , . I—V. A- 


Duration of Xo. of Percent* Percent* Percent* Percent- 

Psychosis Patients No. age No. age No. ago No. age 

Under C mo 23 8 27.0 1 3.6 6 17.2 16 01.7 

Prom 0 mo. to 2 yr 40 4 10.0 2 O.O S 20.0 20 Co.O ' 

From 2 to 5 yr 18 0 0.0 I 5.05 1 5.05 10 SS.O 

Over 5 yr 13 1 7.7 0 0.0 1 7.7 11 84.0 


Total 100 13 4 15 ' GS 


than two years only 4 improved. It is difficult to say why some 
schizophrenic patients, even with a psychosis of relatively short duration, 
do not show any improvement, or very slight symptomatic change, while 
others achieve apparent remission, even though temporary. As with the 
metrazol method, one is frequently impressed with the rather sudden 
change in behavior of mute, negativistic, catatonic patients. But while 
they become better institutional patients and are easier to manage and 
their pronounced catatonia disappears, they frequently remain apathetic 
or relapse after a short time into an indifferent, emotionally shallow 
state and otherwise show the familiar schizophrenic pattern. 

Table 2 gives detailed information as to the results obtained with 
each type of schizophrenia. It is interesting to note that of 20 catatonic 
patients, 9 improved and 11 failed to improve. Of 3 patients suffering 
from a simple type of schizophrenia, none improved. Only -2 schizo- 
phrenic patients who had been ill longer than five years improved, but 
when their case histories are studied, one finds that they had had several 
spontaneous remissions in the past and did not require continuous 
institutionalization. The impression is gained that convulsive shock 
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therapy shortens the duration of hospitalization and brings about 
improvement in patients who are inherently capable of spontaneous 
improvement. 

COMPLICATIONS 

The same contraindications and precautions considered for metrazol- 
induced convulsions are applicable in the use of electric shock. All 
patients prior to treatment had careful physical and neurologic exam- 
inations, and a roentgenogram of the chest, an electrocardiogram and 
serologic tests were made. On completion of treatment, they were 
submitted to another electrocardiographic test. The blood pressure was 
taken before treatment, immediately after the seizure and thirty minutes 
after treatment was given. At the end of the convulsive attack there 
were observed a considerable rise in the systolic blood pressure and a 

Table 2. — Results of Treatment According to the Type and the Duration of 
Schizophrenia, Including Relapses 


Patients with remissions 
Patients much improved 

Patients improved 

Patients not improved.. 


Hebe- 

Catatonic Paranoid phrenic Simple 
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drop in the diastolic pressure, but in a half-hour the blood pressure 
returned to the original level. During the treatment a small sandbag 
was placed between the shoulders, and the extremities were held down- 
ward. A tongue depressor well padded with gauze was kept between 
the teeth during the treatment. There- were several dislocations of the 
lower jaw, which, however, did not present any difficult}'’ ; at the end 
of the convulsive seizure the jaw either dropped in place by itself, or 
the dislocation was easily reduced by the physician. One male patient 
had a fracture of the right hip, and another suffered an impacted frac- 
ture of the neck of the left humerus. Electrically induced convulsions 
seem milder than inetrazol convulsions and, according to the claims of 
some workers,’^ are less apt to cause fractures. There were no deaths 
in this series. 

- 0 

4. Smith, L. H. ; Hughes, J. ; Hastings, D. W., and Alpers, B. J. : Electro- 
shock Treatment in the Psychoses, Am. J. Psychiat. 98:558-561 (Jan.) 1942. 
Worthing, H. J., and Kalinowsky, L. B. : The Question of Vertebral Fractures in 
Convulsive Therapy and in Epilepsj', ibid. 98:533-537 (Jan.) 1942. 
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Prolonged apnea occurred more often with electric shock than with 
metrazol ; at times it was alarming, but in all my patients consciousness 
returned without application of artificial respiration. Cyanosis appeared 
deeper with electric shock than with metrazol therapy. 

Vomiting was met with in an occasional patient, usually only after 
the first or second treatment, and was much rarer than with metrazol. 

Psychomotor hyperactivit}' following treatment occurred only in 
exceptional cases and was much milder and lasted a shorter time than 
after metrazol. The restlessness, extreme fright and at times regression 
observed during metrazol treatment, especially after incomplete reactions, 
were practically eliminated with electric shock. 

Amnesia for treatment and relative lack of anxiety and fear are 
perhaps the greatest advantages of electric shock over metrazol therapy. 
At times, however, in some patients apprehension was noticed, which was 
more marked for the first few treatments and gradually disappeared as 
the patient learned not to fear the treatment. A few patients, however, 
remained fearful throughout the treatment, although the fear was not as 
extreme as was commonly observed with metrazol. 

The onset of the convulsive seizure was almost instantaneous after 
application of the electric shock, although in some patients the latent 
period was observed to last from a few seconds to ninety seconds, but 
this was rare. It was definitely shorter than with metrazol. Latent 
convulsive attacks were not observed with electric shock. 

Neubuerger, Whitehead. Rutledge and Ebaugh,'' in a study of patho- 
logic changes in the brains of dogs given repeated electric shocks, stated : 

Some degree of neuropathologic change is to be expected in animals given 
electric shock of the same strength and duration as those observed clinically. Our 
results suggest that the histologic changes induced by electric shock in the brains of 
dogs are somewhat less severe than the changes we found following metrazol. 

SU. Mil ARY AND CONCLUSIONS 

Approximately the same results were obtained in 100 schizophrenic 
patients treated Avith electric shock as in a similar group of patients 
treated with metrazol. Two to eighteen months after treatment Avas 
completed, 32 patients Avere improved and 68 Avere unimproved. 

There is a pronounced tendenc}'^ to relapse in schizophrenic patients 
treated Avith convulsive shock therapy. 

While amelioration of psychotic symptoms and behavior occurs in 
many patients, the essential schizophrenic pattern remains unchanged. 

5. Neubuerger, K. T. ; Whitehead, R. W . ; Rutledge, E. K.. and El)augh. F. G. : 
Pathologic Changes in the Brains of Dogs Given Repeated Electrical Shocks, Am. 
J. M. Sc. 204:381-387 (Sept.) 1942. 
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Convulsive shock therapy helps to achieve remissions earlier than 
routine institutional treatment and therefore diminishes the duration of 
hospitalization. 

Electric shock therapy is preferable to metrazol therapy, as has been 
■pointed out by many workers, because there are amnesia for the treat- 
ment, less fear and anxiety, painless shock and avoidance of repeated 
intravenous injections in resistive patients. 

Its greatest value consists in aiding in the preparation of uncoopera- 
tive patients for other therapeutic measures, such as psychotherapy, 
occupational and recreational therapy and general psychiatric 
management. 

Hudson County Hospital for Mental Diseases. 



NEUROPSYCHIATRIC SEQUELAE OF PARTIAL 
EXSANGUINATION 

J. P. MURPHY, M.D. 

WASHINGTOX, D. C. 

Experimental observations on animals in which complete or tem- 
porary arrest of the cerebral circulation has been effected indicate that 
profound clinical and pathologic sequelae are consequent on the pro- 
cedure. Gildea and Cobb ^ discovered that periods of total anemia of 
no longer than ten minutes resulted in severe, permanent lesions of a 
necrobiotic character in the cerebral cortex of the cat. Using the dog 
as subject, Rabat and Dennis - produced unconsciousness, cessation of 
respiration and total abolition of reflexes by obstruction of the cephalic 
blood flow for fifteen to twent}' ipinutes. The chronic picture was one 
of virtual decerebration. 

The exact human counterpart of these controlled investigations is 
necessarily difficult to find. Several cases have been reported, however, 
in which sudden, and presumably complete, cerebral anemia was followed 
by the development of neuropsychiatric syndromes. Postmortem exami- 
nation revealed the expected inxparable and extensive damage to the 
brain. The factors productive of ischemia in these cases were loss of 
blood and fall of intravascular pressure, singly or together. Wolf and 
Siris,® under the heading “acute non-traumatic encephalomalacia,” 
described the rapid advent of unconsciousness and the protean signs of 
neurologic deficit in 4 elderly patients who were operated on for neuro- 
surgical conditions in the upright position. A precipitous and extreme 
drop in blood pressure occurred during the course of the procedure. 
Necropsy disclosed bilateral, hemorrhagic infarction involving the cortex 
and superficial subcortex of the brain, particularly in the parietal regions. 
None of the cerebral arteries was occluded. The case of another patient 
in whom evidences of -widespread injury to the central nervous system 
appeared shortl)’- after severe and protracted shock supervened during 

From Saint Elizabeths Hospital. 

1. Gildea, E. F., and Cobb, S. : The Effects of Anemia on the Cerebral Cortex 
of the Cat, Arch. Neurol. & Psychiat. 23:876 (May) 1930. 

2. Kabat, H., and Dennis, C. : Decerebration in the Dog by Complete Tempo- 
rary Anemia of the Brain, Proc. Soc. Exper. Biol. & Med. 38:864, 1938. 

3. Wolf, A., and Siris, J. : Acute Non-Traumatic Encephalomalacia Compli- 
cating Neurosurgical Operations in the Sitting Position, Bull. Neurol. Inst. New 
York 6:42, 1937. 
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operation -was reported by Schnedorf, Lorhan and Orr.'^ Exploratory 
laparotomy was conducted "with the patient under spinal anesthesia. 
Coma, convulsive seizures, signs of disease of the pyramidal tract and 
irrational activity'- featured the postoperative course, and death occurred 
on the twenty-first da}'. The cortical gray matter was observed to be 
the seat of alterations in the ganglion cells and of devastation necrosis. 
Symmetric cerebral softening was observed by Foix, Chavany and 
Bascourret ^ after ictus caused by massive venesection in elderly, arterio- 
sclerotic persons. 

These clinical contributions all treat of the relatively acute, fatal 
consequences of rapidly developing cerebral anemia. An unusual oppor- 
tunity to study the long term effects of such a disaster was afforded by 
the case which follows. A middle-aged man, in previous good health, 
attempted suicide while in an involutional depression. Exsanguination 
almost resulted in death. Appropriate emergency measures saved his 
life, but he was left with severe neuropsychiatric disability, which is 
the subject of consideration. 

REPORT OF A CASE 

W. L., a 42 year old married white man, a lieutenant in the United States 
Naval Reserve, was admitted to Saint Elizabeths Hospital on April 14, 1942, 

The family history was negative for neuropathic determinants. A short, mild 
depression followed tlie death of the patient’s first wife. He subsequently remarried, 
and happily so. He is said to have been in excellent health all of his life. 

In January 1942, he was assigned to a ship undergoing commission. Nothing 
save a tendency to overconscientiousness was remarkable about his conduct. On 
Fcbruar}" 17 he was found unconscious, virtually pulseless and gasping for breath, 
bleeding from a deep incision in the left side of the neck which transected the 
external jugular vein and from a similar wound in the left wrist. These lacera- 
tions had been self inflicted with a razor blade. 

By the time he was discovered the systolic blood pressure was low and the 
diastolic pressure could not be obtained. He was rushed to a hospital where the 
incisions were sutured and intravenous transfusions of blood and fluids given. 
On the third hospital day he was conscious and moderately cooperative but was 
completely aphasic, confused and disoriented. He was unable to find his way 
about the ward, dressed and undressed at inappropriate times and made irrelevant 
remarks. 

He was transferred to the United States Naval Hospital, Jacksonville, Fla., on 
March 6. On admission to that institution neurologic examination revealed pallor 
of the optic disks, hoarseness of speech, possible diplopia and weakness of the left 
hand grip. He could not carry out complex commands. Nearly complete motor 
aphasia existed, and writing was scrawled and repetitious. He was disoriented and 
affectively obtunded. The total protein content of the spinal fluid was increased, 

4. Schnedorf, J. G. ; Lorhan, P. H., and Orr, T. G. : The Problem of Anoxia 
in Surgery and Anesthesia, Arch. Surg. 43:169 (Aug.) 1941. 

5. Foix, C. ; Chavany, J. A., and Bascourret: Foyers de ramollissement 
simultanes dans les deux hemispheres. Rev. neurol. 32:77, 1925. 



596 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY ' 


and there was a midzonal colloidal gold curve, but the Kahn reactions of the fluid 
and the blood were negative. He refused to eat a't first but later became ravenous. 
He remained confused and unaware of time or place, but the mood changed to one 
of quiet cheerfulness. He was removed to the United States Naval Hospital, 
Washington, D. C, and from there to Saint Elizabeths Hospital. 

At the time of entrance to the last hospital the patient was rather happy, 
friendly and moderately cooperative but appeared dazed. There was no abnor- 
mality of mental content. Perception and comprehension were faulty. He was 
totally disoriented for time and stated that he was in “Tampa — no, no — Washing- 
ton!” Memory for remote and recent events was impaired, as were retention and 
recall. He admitted the suicidal attempt, declared that he had been deeply depres- 
sed at the time and insisted that such a thing would never happen again. 

Formal examination of the receptive, gnostic and expressive capabilities was 
rendered difficult by the patient’s mental confusion and defects in memory. A 
prominent semantic component was evident in 'imperfect understanding and 
responses. The latter were fluctuating in their correctness. Speech was occasi- 
onally paraphasic and jumbled. At times he was unable to name common objects 
correctly, misidentified words on a printed list and could not select articles of the 
same color. When the examiner whistled such familiar tunes as “Yankee Doodle,” 
he carried on, but could not say which air he was humming. When he was asked 
to touch his nose with his right hand, he placed his left hand on the top of his 
head, recognized the failure and said, “I know what I want to do, but I can’t do 
it.” He could mimic movements only in a mirror fashion. Complicated commands, 
involving a temporal component, were consistently misunderstood and misapplied. 
He read accurately but without comprehension. He wrote his name correctly but 
put down his home address instead of the requested date. In letters he was forced 
to fall back on terms of endearment to fill in gaps in thought transmission. 

He was unable to perform simple arithmetical calculation. Writing, as noted, 
often consisted of ejaculations or expletives and was irrelevant. There was decom- 
position of words. He confused right and left more often than he recognized them, 
and he misidentified fingers fairly consistently. 

Examination of the cranial nerves revealed pallor of the optic disks, weakness 
of the left lateral rectus muscle with diplopia and hoarseness. The last condition 
was said to have e.xisted only since the suicidal attempt. Greater power in the 
left arm than in the right was probably due to the patient’s predominant left 
handedness. The fourth and fifth fingers of the left hand were weak and held in 
partial flexion. Pinprick was poorly appreciated in the corresponding sensory 
distribution of the ulnar nerve. He could not perform skilled movements with the 
left hand. The deep reflexes were accentuated in the legs and in the right arm. 
The cutaneous reflexes were intact, and there were no abnormal reflex signs. 

There was almost complete atopognosia in the hands and feet. Astereognosis 
and decrease in position sense were present in the left hand. Vibratory sensation 
was diminished in the left leg to the iliac crest. 

The lacerations were well healed. There was no evidence of generalized arteri- 
osclerosis, and the blood pressure was 132 systolic and 80 diastolic. The results 
of a complete blood count, urinalysis and the Kahn test of the blood were all within 
normal limits. Indirect inspection of the larynx revealed paresis of the left vocal 
cord. 

A psychometric study was attempted, the report of which follows: “He is so 
confused that he cannot understand the questions ... It is useless to evaluate the 
mental level. He appears to have suffered great cerebral damage” (Dr. Winifred 
Richmond). The report of the Rorschach test (Dr. Isabelle Kendig) was as 
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follows ; “Severe, organic disease of the brain is indicated. . . . Little can be said of 
the patient’s original makeup, although certain signs which point to an anxious, 
cautious, meticulous approach to life lend support to the diagnosis of involutional 
melajicholia made at the Navy Hospital.” 

Repeated electroencephalograms were reported as being “within the range of 
normal variation” (Dr. Robert Cohn). Occasional waves of long duration were 
observed in the monopolar derivations. 

At the time of this report the condition of the patient was essentially unchanged. 
He appeared to have recovered from the depression completely. 

COMMENT 

Briefly summarized, the ps3^chiatric picture was one of severe cere- 
bral degeneration. Intellectual deterioration precluded a more accurate 
analysis of the coexisting aphasia than the description of it as a mixed 
receptive-expressive defect, probably of a “transcortical” ° character. 
Apraxia was apparently ideomotor in t3^pe. 

The presence of atopognosia ^and astereognosis and loss of position 
and vibrator3^ sensations were striking. These abnormalities, plus the 
inabilit3^ of the patient to calculate or write normally, his confusion of 
right and left and his misidentification of fingers, were indicative of 
large lesions in the parietal lobes. The last-named signs have been 
grouped together by Gerstmann ^ as a syndrome, and are usually asso- 
ciated with involvement of the angular gyrus and the middle occipital 
convolution. 

Pallor of the optic nerve heads ma3^ have been the result of ischemia. 
The weakness of the lateral rectus muscle is explicable perhaps on the 
basis of nuclear injury or compression of the abducens nerve during 
the time when the intracranial process was most acute. Partial severance 
of the left recurrent laryngeal nerve or tamponade by extravasated blood 
probably produced the defect in vocalization. The “ulnar palsy” was 
undoubtedly the result of the incision of the wrist. 

It would seem that a combination of massive loss of blood and rapid 
fall in blood pressure could best account for the lesions underlying the 
neuropsychiatric S3mdrome. Air embolism may have been implicated, 
but the general extent of the clinical signs and the absence of convulsive 
t‘;’zures tend to eliminate this from consideration as an etiologic agent. 
The^ exact nature of the implied pathologic alterations is conjectural. 
The lesions present were thought to be of two types. The intellectual 
debilit^on, confusion, disorientation and failure of memory could be 
correlatedS^asonably with the kind of diffuse necrobiotic changes in the 
cortex prodiked by Gildea and Cobb in the experimental animal and 

Xh 

6. Nielsen, J. M., and FitzGibbon, J. P.: Agnosia, Apraxia, Aphasia, Los 
Angeles, The Los Angeles Neurological Society, 1936. 

7. Gerstmann, J. : Syndrome of Finger Angnosia, Disorientation for Right and 
Left, Agraphia and Acalculia, Arch. Neurol. & Psychiat. 44:398 (Aug.) 1940. 
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observed at autops}’’ in the case of Schnedorf and associates.'* The 
neurologic abnormalities, the “transcortical” character of the aphasia and 
the existence of the Gerstmann syndrome indicate a more extensive 
injuiy in the parietal lobes of the brain. The encephalomalacia observed 
by Wolf and Siris,® as well as Foix and associates,® in whose patients 
injurious factors were similar, was predominantly parietal. 

A word might be added concerning the rapid change in the patient’s 
mood following his endeavor to end his life. Whether it was the attempt 
at suicide per se, sudden physiologic changes in the central nervous 
system induced by blood letting or subsequent lesions in the frontal areas, 
a sort of self-administered “shock therapy,” or “lobotomy,” appears to 
have been instrumental in the lifting of depression. 

SUMMARY 

A case of a suicidal attempt during involutional melancholia is 
reported. Severance of an external* jugular vein almost resulted in 
complete exsanguination and death. Examination of the patient two 
months after the injury revealed evidences of extreme intellectual deteri- 
oration. The mood had changed to one of cheerfulness. A mixed 
receptive-expressive aphasia with a large semantic component and “trans- 
cortical” features existed. The patient was also apraxic. The principal 
neurologic signs were those associated with disease of the parietal 
lobes, and the Gerstmann syndrome was present. Diffuse cortical lesions 
of a focal ischemic character and larger infarcts induced by sudden 
cerebral anemia were thought to represent the pathologic substrate of 
the clinical picture. The possible relationship of the episode to the 
cessation of mental depression is commented on. 


Saint Elizabeths Hospital. 



News and Comment 


COURSE OF STUDY IN THE RORSCHACH TEST IN 
DIAGNOSIS OF THE MILDER MENTAL 
DISORDERS 

The Michael Reese Hospital announces that Dr. S. J. Beck (Ph.D.) will offer 
his usual course this year on the Rorschach test. Accent will be on the less 
serious mental disturbances in which success in treatment appears possible. The 
differentiating patterns of responses to the test, for patients with such disorders, 
will be studied from full response records and will be contrasted with those 
obtained from patients with more serious conditions. 

The course will be in session 2 two hour periods daily for five days, June 7 
to 11, 1943, inclusive. Interested persons are invited to communicate with the 
Department of Neuropsychiatry, Michael Reese Hospital, 2908 Ellis Avenue, 
Chicago. 

THE AMERICAN BOARD OF NEUROLOGICAL SURGERY 

At a meeting of the American Board of Neurological Surgery, Chicago, 
Feb. 15 and 16, 1943, the following candidates passed the examination: 

Samuel S. Allen, 3700 Fifth Ave., Pittsburgh; Capt. William F. Beswick, 
Medical Corps, Army of the United Staees ; * Capt. Howard A. Black, Medical 
Corps, Army of the United States ; Floyd H. Bragdon, Mercy Hospital, Pittsburgh ; 
Bernard S. Brody, 107 Whitney Ave., New Haven, Conn.; Major Fritz Cramer, 
Medical Corps, Army of the United States; Raymond M. P. Donaghy, Massa- 
chusetts General Hospital, Boston; Frederick A. Fender, 2361 Clay St., San 
Francisco ; Harry E. LeFever, 9 Buttles Ave., Columbus ; * Frank E. Polmeteer, 
Mayo Clinic, Rochester, Minn.; James L. Poppen, 605 Commonwealth Ave., 
Boston; Lieut. Comdr. Robert H. Pudenz (MC),U.S.N. ; * Lieut. Theodore B. 
Rasmussen, Medical Corps, Army of the United States ; * Charles Robert Watson, 
1014 Doaghey Bldg., Little Rock, Ark.; -■■Capt. Thomas A. Weaver, Medical 
Corps, Army of the United States ; * John E. Webster, 840 David Whitney Bldg., 
Detroit; Major Barnes Woodhall, Medical Corps, Army of the United States, 
and Ward W. Woods, University Hospital, Ann Arbor, Mich. 

* Certificates will be issued after fulfilment of a two year practice requirement. 
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Abstracts from Current Literature 

Edited by Dr. Bernard J. Alpers 


Physiology and Biochemistry 

Some Observations on Earey Human Fetae AIovements. James E. Fitz- 
gerald and William F. Windle, J. Comp. Neurol. 76:159 (Feb.) 1942. 

Fitzgerald and Windle studied 15 human fetuses between 7 and 9 weeks of 
gestation (18 to 26 mm. crown-rump length) under various operating conditions. 
Regardless of the tj'pe or strength of stimuli used, no fetal movements of a reflc-x 
nature could be elicited from the 6 specimens during a general anesthetic, after 
preoperative administration of morphine or after injection of solution of posterior 
pituitary U. S. P., or from the 6 fetuses delivered after procaine anesthesia, 
preceded by morphine or solution of posterior pituitary. Three specimens observed 
at operations performed with the mother under spinal anesthesia and with no 
preoperative medication reacted to appropriate stimulation. Continuous motion 
picture records of the experiments were made. The estimated age of the respond- 
ing fetuses was 54 to 58 days (22.5 to 26 mm. crown-rump length). The responses 
were of two types. While the fetus was receiving oxygenated blood the excita- 
bility was high. After anoxia had set in a lateral movement of the head and 
trunk followed stimulation of the parts of the face supplied by the fifth nerve. 
The fetal muscles retained excitabilitj' long after all reflexes had disappeared. 

Addison, Philadelphia. 

Some Considerations of the Electroencephalogram in the “Convulsive 
State.” B. L. Pacella and S. E. Barrera, J. Nerv. & Ment. Dis. 96:125 
(Aug.) 1942. 

In all studies of the electroencephalographic changes associated with convul- 
sive shock therap 3 ’^ produced either by metrazol or by the electric current the 
development of slow, 2 to 4 cycle per second waves of moderate to high voltage, 
appearing either at random or in a continuous series for interrupted periods, 
have been described. The persistence of abnormal records of this type, which 
closely resembled those seen in the cryptogenic convulsive states, depended 
roughly on the number of treatments the patient had received. None of the 
patients showed a pathologic record prior to therapy ; in none was there a 
familj’’ history of epilepsy, and in no case was tliere any semblance of a petit 
mal attack occurring at the time the abnormal potentials were being recorded. 
Thus, the “paroxysmal cerebral dysrhythmia” can be considered as directly 
attributable to the shock treatment and as due either to tlie passage of the electric 
current through the brain or to the changes associated with the convulsion itself. 
The evidence favors the latter hypothesis and raises the question whether the 
pathologic electroencephalogram observed in cases of epilepsy can also be consid- 
ered as due to changes induced by the convulsion itself, rather than to the etiologic 
factors in the disease. However, the occurrence of pathologic brain waves in 
relatives of epileptic persons, as well as in patients suffering only from petit mal 
attacks, is against this view. The assumption that a hyperirritable cortex in 
epileptic patients is revealed by the electroencephalogram is not supported by the 
fact that a higher voltage is usually necessary to produce a generalized convul- 
sion in successive treatments by electric shock. Also, in 6 epileptic patients 
experimentally subjected to electric shock, the voltage necessary to produce a 
generalized convulsion was within the same range as that required for psychiatric 
patients with a normal pretreatment electroencephalogram. It was noted, how- 
ever, that after one electrically produced convulsion each of the epileptic patients 
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exhibited an increased incidence of grand mal and petit mal seizures in the next 
few days. Thus, the possibility of altering “latent epilepsj^” to clinically manifest 
epilepsy bj' shock treatment must be considered. 

Chodoff, Langley Field, Va. 

Changes in Normal Electroencephalogram of Macaca [Mulatta with 
Growth. !Margaret A. Kennard and Leslie F. Nims, J. Neurophysiol. 
5:325 (Sept.) 1942. 

In the infant monkey cortical potentials began to develop at or before birth 
but were not well demarcated until three or four weeks after birth. From that 
time until the end of the sixth month there were progressive development and 
elaboration of the electroencephalogram until it resembled that of the adult. 
Frequency of waves was about 2 to 3 per second immediately after birth and 
increased to about 7 to 8 per second during the first six months and then slowly 
to about 10 to 12 per second by the end of the second year. The amplitude was 
low at birth, increased during the first six months and then slightly decreased. 
During the growth period the electroencephalogram became at once more com- 
plex and more uniform. There were less variations in the base line and in the 
type of potential. The effect of sleep could be detected in the older animals, but 
in the newborn infant fluctuations in the state of waking or sleeping were too 
slight and gradual to be correlated with the marked fluctuations in the type of 
the electroencephalogram, which may, however, be related. 

The changes in the development of the infant monkey were like those described 
for man and were, as far as was known, coincident with the anatomic and func- 
tional development of the cerebral cortex. Alpers, Philadelphia. 


Effect on Electroencephalogram of Lesions of Cerebral Cortex and Basal 

Ganglia in ^Iacaca Mul.\tta. Margaret A. Kennard and Leslie F. 

Nims, J. Neurophysiol. 5:335 (Sept.) 1942. 

Lesions were made in the cerebral cortex and the basal ganglia of 41 mon- 
kej's, and electroencephalograms were recorded before and after operation. In 
every instance there was a temporary change in the electroencephalogram which 
appeared during the first or second postoperative day and consisted of flattening 
and slowing of the waves of medium frequenc}". The change was transient, was 
independent of the specific area injured but was more pronounced after larger 
lesions. In acute experiments with the animal under dial anesthesia, lesions of 
the cortex or of the basal ganglia produced no change in the electroencephalo- 
gram. After lesions restricted to the cerebral cortex there was no significant 
change in the electroencephalogram except the transient one already described. 
There was no focal effect of lesions of the cortex, and usually none following 
combined lesions of the cortex and the basal ganglia. In a few instances focal 
epilepsy could be observed. A lesion of the head of the caudate nucleus or of 
the putamen or of both was followed by pronounced changes in the pattern of 
cortical potentials. Hyper synchrony of the 8 to 10 per second waves became 
intensified, and the 15 to 20 per second waves became less evident or vanished. 
Combined lesions of the motor areas of the cortex and the basal ganglia caused 
the most decided changes. Hypersynchrony appeared and persisted for as long 
as two years. True epilepsy, evident both clinically and in the electroencephalo- 
gram, was found in 5 out of 15 animals. All the lesions which caused alterations 
in the electroencephalogram produced the most extreme changes in those animals 
which had been operated on in infancy. Alpers, Philadelphia. 


Cerebellar Action Potentials in Response to Stimulation of Propriocep- 
tors and Exteroceptors in the Rat. Robert S. Dow and Robert Ander- 
son, J. Neurophysiol. 5:363 (Sept.) 1942. 

Cerebellar action potentials in the rat were recorded from surface folia after 
stimulation of exteroceptive receptors by moving the hair on different regions of 
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the animal’s body and of proprioceptive receptors by tapping the tendons of 
isolated muscles of the forelimb and the hindlimb. The lobules explored were 
the highest part of the culmen, the lobulus simplex, the folium and tuber vermis, 
the pyramis, the uvula, crus I and crus II of the lobulus ansiformis and the 
lobulus paramedianus. Of the lobules explored the pyramis showed the most 
consistent activity after proprioceptive stimulation and the culmen after extero- 
ceptive stimulation. There were marked differences in distribution of the respon- 
ses, depending on which type of stimulation was used. Some of the potentials 
might have resulted from activity caused by intracerebcllar connections. No 
consistent differences in the distribution of the responses were detected when 
different parts of the animal’s body were stimulated. Because of the small size 
of the cerebellum, the rat was not the most suitable animal for this study. In 
respect to the cerebellar lobules activated, electrical stimulation of the sciatic 
nerve resembled exteroceptive stimulation more closely than proprioceptive stimu- 
lation. The distribution of activity throughout the cerebellum following electrical 
stimulation of the sciatic nerve in the rat was more widespread than in the cat, 
and much more so than in the monkey. Alpers, Philadelphia. 

Neurogenic Vesical Dyseunction. C. E. Jacohson Jr., Proc. Staff Meet., 
Mayo Clin. 17:286 (May 6) 1942. 

Jacobson produced neurogenic %'csical dysfunction experimentally in female dogs 
by section of the pelvic and hypogastric nerves, by differential section of the 
sacral nerve roots and by transection of the cauda equina and the spinal cord. 
“The changes occurring in vesical tone and vesical capacity were recorded by 
means of preoperative and postoperative cystometrograms wliile the concomitant 
changes in the upper part of the urinary tract were recorded by means of 
excretory and retrograde urograms. Alterations of the appearance of the bladder 
were noted by cystoscopic e.xamination.’’ 

Three disinct types of neurogenic vesical dysfunction of tlic spinal cord were 
observed to occur as a result of experimental lesions involving the peripheral 
nerve supply of the bladder and the spinal cord. These were (1) the atonic 
bladder, (2) the autonomous bladder and (3) the automatic, or reflex, bladder. 

The atonic bladder is characterized by decreased vesical tone, increased vesical 
capacity and the complete absence of signs of vesical contractions. Urographi- 
cally, there may or may not be dilatation of the upper part of the urinary tract. 
Cystoscopically, the bladder appears to be dilated and to have thin walls, elon- 
gated ureteral orifices and a wide-gaping vesical neck. The atonic bladder prob- 
ably develops as a result of chronic overdistention due to the loss of normal 
transmission of sensory impulses from the bladder to the spinal cord. 

The autonomous bladder is characterized by increased vesical tone, decreased 
vesical capacity and the presence of autonomous vesical contractions. Urographi- 
cally, there is usually dilatation of the upper part of the urinary tract. Cysto- 
scopically, there is evidence of hypertrophy of the vesical mucosa and muscularis, 
as well as relaxation of the vesical neck. The autonomous bladder probably 
develops as a result of loss of the normal motor innervation, a loss which permits 
the intrinsic nerve plexus of the bladder to function independently of the nervous 
system. 

The automatic, or reflex, bladder is characterized by increased vesical tone, 
decreased vesical capacity and the presence of automatic, or refle.x, vesical 
contractions. Alpers, Philadelphia. 


Neuropathology 

Pathologic Changes in the Brains of Dogs Given Repeated Electrical 
Shocks. Karl T. Neubuerger, Richard W. Whitehead, Enid K. 
Rutledge and F. G. Ebaugh, Am. J. M. Sc. 204:381 (Sept.) 1942. 

The authors induced convulsions in a series of 12 mongrel dogs by application 
of an alternating current. Shocks were applied at a potential of 80 volts and a 
current strength of 200 milliamperes ; the duration of the individual shocks was 
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fifteen-hundredth second. Some of the animals died during the experiment. The 
others ^Yere killed by bleeding under anesthesia induced by soluble pentobarbital. 
The neuropathologic studies revealed that the cortex was more involved than the 
extracortical gray matter. The nerve cells showed rather widespread damage, 
including tigrolysis, paleness, swelling, vacuolation and in some instances even 
ischemic and “severe” changes. Satellitosis and neuronophagia were observed 
occasionally. Although the changes described in the brain are pathologic, they 
are not to be regarded as serious. Most of the nuclei of the nerve cells remained 
fairly well preserved. The variation in -the degree of involvement may well be 
influenced bj"^ variation in individual susceptibility and by the degree of severity 
■ of the convulsions. The authors conclude that histologic changes induced by 
electrical shock in the brains of dogs are somewhat less severe than the changes 


observed after metrazol. 


Michaels, Boston. 


Cerebral Lesioxs Following Administration of Neoarsphenamine. Cyril 
B. CouRViLLE and Clemson Marsh, Arch. Dermat. & Syph. 46:512 (Oct.) 
1942. 

Courville and Marsh report an unusual and hitherto unstudied lesion of the 
brain, which they designate as multiple symmetric foci of hemorrhagic necrosis, 
which constitutes an integral part of the encephalitis syndrome following intoxica- 
tion with neoarsphenamine. 

The lesion is closelj’’ allied to pericapillary encephalorrhagia in that it is 
composed of many perivascular hemorrhages, which in this case are grouped into 
circumscribed areas, in contrast to their otherwise diffuse spread throughout the 
white matter of the brain. 

The basis for the study was a series of 12 cases of encephalitis due to 
arsphenamine in which the cerebral lesions were observed at autopsy. In 7 cases 
multiple symmetric foci of hemorrhagic necrosis were observed (in 1 case, both 
grouped and scattered petechial hemorrhages were present) ; in 4 other cases 
typical petechiae were scattered throughout the white matter, while in 1 case 
gross hemorrhage into the brain had taken place. Any combination of these three 
lesions may exist. 

One feature of special interest was the tendency of the hemorrhagic foci to 
localize in regions of both the gray and the white matter of the brain. The 
corpus callosum, the optic thalami, the external capsule and the frontal and 
parieto-occipital centrums (forceps minor and forceps major) seem to be sites of 
predilection. 

The further tendency of the lesion to occur in symmetric areas of the brain 
suggests some functional vascular basis for its occurrence. The focal blood vessels 
supplying these areas are evidently susceptible to the toxic agent to the same 
degree at the same time. While the lack of epinephrine may enter into this 
situation, as Ehrlich originally postulated, one can be more sure that dilatation 
of the blood vessels (arterioles) predisposes them to involvement by the toxic 
process. 

Like disseminated petechial hemorrhages, the lesion. is not necessarily fatal, as 
a case in which there was a rather long survival period indicates, although it 
must produce serious clinical residuals if at all widespread or severe. 

The lesion should be considered a pathologic entity which with disseminated 
petechial hemorrhages and the rare gross cerebral hemorrhage constitutes one 
of the essential pathologic elements resulting in the clinical syndrome of post- 
arsphenamine hemorrhagic encephalitis. The occurrence of localizing or lateral- 
izing clinical phenomena in a clinical case should suggest the occurrence of this 
lesion. Alpers, Philadelphia. 

Traumatic Hemorrhage into the Pituitary Gland. R. A. Munslow, J. L. 
Haymond and A. S. Crawford, Arch. Path. 34:431 (Aug.) 1942. 

The authors report the case of a man aged 35 with a history of trauma to 
the head, followed by unconsciousness and death three and one-half hours later. 
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Autopsy revealed basal fractures of the skull with lacerations of both frontal 
and temporal lobes in their inferior portions. Scattered hemorrhages, measuring 
up to 6 mm. in diameter, were observed in the gray and white matter of the 
cerebrum, especially in the tegmentum pontis. Hemorrhages were seen also in 
the posterior lobe of the pituitary gland. Winkelman, Philadelphia. 

Lissauer’s Dementia Paralytica. A. J. Galiiraith and A. Meyer, J. Neurol. 

& Psychiat. 5:22 (Jan.-April) 1942. 

Galbraith and Meyer report the case of a woman aged 40 wh6 showed pre- 
dominantly psychotic reactions for about six years before organic manifestations 
became apparent. The latter consisted of Argyll Robertson pupils, a Korsakoff- 
like syndrome and atypical serologic responses consisting in a negative Wasser- 
mann reaction and a colloidal gold curve characteristic of dementia paralytica. 
Examination elicited focal signs, such as left hemianopia, disturbance in visual 
attention, constructional apraxia, drawing disturbance, finger agnosia, inability to 
distinguish right and left, agraphia and acalculia. The signs pointed to lesions 
in the parieto-occipital region and suggested a diagnosis of Lissauer’s dementia 
paralytica. This was confirmed b}' the pathoanatomic observations, which, though 
diffuse, were most intense in the occipital lobes. Here, in spite of absence of 
macroscopic atrophy, there were intense infiltrations, with invasion beyond the 
pia-glia membrane, disintegration of the cortical tissue, presence of numerous 
“plump” cells and foci of dcmyeliuation and unusually severe inflammation of the 
white matter. These changes arc regarded by the authors as an early and “pre- 
spongiosus” phase of Lissauer’s type, before atrophy or the status spongiosus, 
regarded as essential to this form, has developed. Pathogcnetically, the case 
tends to confirm the original views of Lissauer and Alzheimer that the circum- 
scribed lesions are tlie e.xpression of a local intensification of tlie process and 
are not due to extraneous factors. The failure to demonstrate spirochetes in this 
and in other cases of Lissaucr’s form of dementia paralytica sliould not be regarded 
as absolute proof that spirochetosis is not responsible for the lesions. 

N. Malamud, Ann Arbor, Mich. 

Oculolaryngopharyngoveloi’alative Myoclonia in a Bulbopontile Syndrome. 

C. Jakob and Juan C. Montanaro, Rev. neurol. de Buenos Aires 7:85 

(April-June) 1942. 

Jakob and Montanaro give an account of a 35 year old man who suddenly 
was taken with a pain at the left angle of the mouth, was dizzy and vomited. 
Peripheral paralysis of the left side of the face and paresis of the right limbs 
developed rapidly. The patient was syphilitic. He was found on examination 
to have paresis of the left sixth nerve and paralysis of the left fifth and seventh 
nerves, right hemiparesis, anesthesia of the left side of the face and right hemi- 
hypesthesia. In addition, there was myoclonia of the palatal, pharyngeal, laryn- 
geal and ocular muscles. He died about three years after the attack. Careful 
examination of the brain revealed a focus of degeneration in the left side of the 
tegmentum involving the nuclei of the cranial nerves from the fifth to the eighth. 
The fifth and seventh nerves were completely interrupted; the eightli, only partly. 
The following pathways were involved: the median and lateral fillets, the tract 
of Gowers, the central tegmental tract, the middle cerebellar peduncle and the 
greater part of the left reticular formation. The temporopontile and the pyram- 
idal tracts were partially destroyed. In addition, the nuclei of the reticular 
formation, the superior olive, the cerebellar root of the vestibular nerve, the 
floccular peduncle in part and the mesencephalic root of the trigeminal, nerve 
were destroyed. The authors conclude tliat velopalatine myoclonia is not due 
necessarily to a circumscribed focal lesion but is the functional result of an 
alteration of the total equilibrium of paleodentato-olivary systems. 

Bailey, Chicago. 
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Pathogenesis and Histopatiiology of Hydrophobia in Man. Istvan 
Tariska, Deutsche Ztschr. f. Nervenh, 152:133 (MajO 1941. 

Tarislca reports on the histologic changes in the brains of 2 children, each 
aged 9 years, who died of hydrophobia. In the first child the bite was on the 
left cheek; the patient received antirabic inoculations. Pathologically the case 
was characterized by severe inflammatory changes in the medulla and pons, with 
the greatest intensity of tlie reaction in the neighborhood of the hypoglossal 
nucleus. The inflammation was greater on the left side than on the right. The 
gasserian ganglion was involved on both sides, but the substantia nigra was 
unaffected. 

In the second child the bite was on the right lower extremity; this child failed 
to receive antirabic inoculations. There were intensive changes in the interverte- 
bral ganglia, the lumbosacral portion of the cord and the substantia nigra. 

The author concludes that his cases do not support either the theory of 
Schaffer that the virus spreads through nerve patlnvaj^s or the theory of Schiikru 
and Spatz that it is disseminated bj* way of the cerebrospinal fluid. He thinks 
it more likely that the virus spreads by way of the spinal ganglia and the sym- 
pathetic nerve chain. klERRiTT, Boston. 


!Microglioma. Ladislaus Benedek and Adolf Juba, Deutsche Ztschr. f. 

Nervenh. 152:159 (!May) 1941. 

Benedek and Juba report a case of a rare type of primary tumor of the brain, 
a microglioma. In a man aged 34 there developed over a span of four to five 
weeks headache, failing vision, aphasia, right hemiparesis and olfactory hallu- 
cinations. Examination revealed papilledema, amnestic aphasia and visual verbal 
agnosia and right hemiparesis, with increased reflexes and a Babinski sign. 
Necropsy revealed a large infiltrating, yellowish pink tumor of the left temporo- 
parietal lobe. Histologically the tumor was very cellular and was composed 
principall}^ of microglia cells, which stained specifically by Penfield’s combined 
method. The only macroglia cells were in the w'hite matter adjacent to the 
tumor. Connective tissue stains revealed a delicate mesh of reticulum, particu- 
larly around blood vessels. 

It is the authors' contention that the tumor which they record was a true 
microglioma and that the microglia cells seen in the tumor were not scavenger 
cells in areas of necrosis. In support of this thesis are the facts tliat the microglia 
cells were the onh’- elements present and that they were distributed evenly through- 
out the tumor, rather than around blood vessels and in necrotic tumor tissue. 

Adams, Boston. 


Psychiatry and Psychopathology 

Deterior.\tion of Patients with Organic Epilepsy. Alex J. Arieff and 
G. K. Yacorzynski, J. Nerv. & Ment. Dis. 95:49 (July) 1942. 

Arieff and Yacorzynski studied 27 patients with organic epilepsy by means of 
the Stanford-Binet test over a period of several years to determine whether and 
to what extent deterioration occurs. The patients, who suffered from such con- 
ditions as craniocerebral trauma, infections, tumor, vascular disease and chronic 
alcoholism, were tested at intervals of one to nine years. As a group there was 
a decrease of 6 in the intelligence quotient between the first and the final test — 
a significant shift. A control group of epileptic patients without demonstrable 
cause for their seizures failed to show a general deterioration. In 37 per cent 
of the original group of patients there was a significant decrease in intelligence 
scores, in contrast to approximately 6 per cent of the control group who showed 
a decrease. Chodoff, Langley Field, Va. 
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The Psychopathology of the Ego System. George W. Kisker and George 
W. Knox, J, Nerv. & Ment. Dis. 95:66 (July) 1942, 

ICisker and Knox undertake to apply the gestalt concept of the ego system to 
mental disorder. In gestalt psychology, the behavioral field is the field of experi- 
ence or consciousness viewed in terms of dynamics or postulated forces. Mental 
development is the process of differentiation of the behavioral field from the state 
of homogeneity existing in infancy to a state of heterogeneity. The “things,” or 
behavioral objects, which emerge in this process organize, influence each other 
and further articulate within themselves. The ego, as one of these objects, 
becomes abnormal if there is excessive or deficient ego emergence, ego articulation 
or ego relationship to other objects. 

The ego, which is the most important part of the total field of experience, 
differs from the behavioral objects in that it serves as the axis and core of the 
behavioral field. The ego in its development goes through definite stages : (1) The 
“non-I” stage, in which the ego is at first undifferentiated from its environment; 
(2) the “I” stage, in which the ego later differentiates itself from its environ- 
ment and articulates within itself; (3) the “my” stage, in which the ego incor- 
porates other behavioral objects under its sphere of influence, and (4) the “we” 
stage, in which the ego becomes a subordinate of a larger group. 

Mental abnormalities occur with various deviations from, or blocking of, these 
stages of ego development. These may take the form of regression to earlier 
stages, in whicli the indixddual becomes unable to distinguish himself from his 
surroundings. Splitting of the ego subsystems results in dual or multiple 
personality. If the ego is unstable or inadequate, it may attempt to achieve stability 
either by the expanding of material possessions or, if this is impossible, because 
of constraining geographic situation, by constructing an expanded framework for 
the ego system, with resulting grandiose delusions. The first type of reaction 
produces a dictator and tlie second a psychotic person, but there is no real 
difference between them. Chodoff, Langley Field, Va. 

On the Fear of Being Buried Alive. Sandor Feldman, Psychiatric Quart. 
16:641 (Oct.) 1942. 

The idea “What if I should be buried alive?” is of great importance to both 
children and adults and occurs frequently. It creates depression, distracts atten- 
tion from the social tasks of life and may arrest^ physical and mental development. 
It is often the sole cause of night terrors. It disturbs sleep. 

In adults, the obsessional idea makes an -indelible impression on the whole 
personality, disturbing normal activity and leading to compensations and reactions 
against the dreaded possibility. It may appear in the fantasies of early childhood. 
The whole waking life is obsessed with the fear, but it usually takes possession 
of the mind at night when the sufferer goes to bed. 

In some cases moral discontentment was found to be responsible. A person is 
“dead” although physically alive if he cannot respect himself; he is "buried alive” 
if he cannot live up to his moral and ethical ideals. The author also presents 
evidence to show that the obsessional idea may be a desire on the person’s part 
to be buried alive and to be dug out of the grave in order to have reunion with 
his parents. 

In everyday language the expression is often heard and used, ‘You do not 
exist for me” .“you are a dead man for me," if a person feels resentful and 
threatens another with the withdrawal of love. _Whfn a person is not loved by 
a dear one, when he does not count, he feels as if he were dead. 

Not to be loved or not to love is expressed by the fear of being buried alive. 
It explains also the fear of death itself. Only he who loves and is loved feels 
he is alive and is not concerned with death. Not thinking of death, he is not 
afraid of it even in old age. As is well known, the desire to repeat the experience 
of being in’ the mother, in the womb, where he was buried alive and yet connected 
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Avith the -world and taken care of, also returns regressively in the fear of being 
buried alive and in the fantasy of arranging some kind of communication with the 
loved ones while alive in the ground. L^sko, Bridgeport, Conn. 

The Successful Tkeatment of a Case of Acute Hysterical Depression 
BY a Return Under Hypnosis to a Critical Phase of Childhood. 
Milton H. Erickson and Lawrence S. Kubie, Psychoanalyt. Quart. 10 : 
583, 1941. 

In a woman aged 23 there suddenly developed a rapidly progressive and 
deepening depression. Both extrainstitutional psychiatric treatment and psycho- 
analysis were tried, but no improvement was obtained. Her friends reported that 
she was raised in a very moralistic family. When she was 13 years old her 
mother died. At 20 years of age she and her best friend fell in love with the 
same man, who married her friend. The next year the friend died, after which 
the man returned and renewed his acquaintance with the patient. After a date 
with him she returned depressed, disgusted and nauseated. From that point her 
illness began. The man stated that he had proposed marriage; she had accepted, 
but when he was about to kiss her she vomited over him. 

As any approach by psychiatric or psychoanalytic technics- had failed, and as 
these attempts had made her worse, it was decided to try hypnosis. The approach 
had to be indirect, for it was feared that the results of a direct approach might 
be serious. An arrangement was made to have her attend as a chaperone the 
liypnotic treatment of a friend. She was hypnotized without her knowledge. At 
the first session she was induced actually to regress to an age between 11 and 
13 years and to report her mother’s restrictive advice about sexual matters. 
With this advice the therapeutist agreed, simply raising the question whether the 
mother would not have instructed her further as she grew older. At the second 
session the events of the previous session were reviewed silently by the patient 
and then reported. It was again brought to her attention that her mother had 
died before she had a chance to finish her sexual instruction. At the third session 
the patient was told to repress all memories of the other sessions except the first 
posthypnotic story of her mother’s sex instructions. Then both while she was 
under hypnosis and after hypnosis she was asked to consider what she thought 
her mother’s further instructions would have been had she lived. This treatment 
resulted in a complete cure, with a change in her attitude toward men and ability 
to have dates and to marry the widower. Two years later she was still well 
and was happy with her husband and baby. 

The procedure in this case was interesting. The therapeutist agreed with 
the patient’s oversevere superego and modified it only in the light of growth from 
childhood to adulthood. The therapeutist also ordered the patient to suppress 
all but the most rudimentary insight. Treatment was started in an indirect way. 
The authors mention a number of questions raised, by the case and the possibility 
in some cases of altering rigid psychoanalj'tic technic along similar lines. 

Pearson, Philadelphia. 

A Study of Structural and Instinctual Conflicts in Cases of Hay Fever. 
G. W. Wilson, Psychosom. Med. 3:51 (Jan.) 1941. 

Wilson discusses the significance of material obtained from the psychoanalytic 
study of 7 cases of hay fever. He concludes that the psychogenic aspect of hay 
fever is a result of unsuccessful olfactory repression. Frustrated sexual curiosity 
early in life seems to be a primary factor in producing this unsatisfactory repres- 
sion, with resultant displacement of interest to the physiologic function of elim- 
ination. All the patients in the series recalled childhood seductive experiences 
involving parental interest in excrement. Sensitivity to odors indicative of rela- 
tively increased olfactory perception was elicited in all patients. The dreams of 
1 patient demonstrated the displacement of sexual curiosity and affective interest 
from the visual to the olfactory sphere. The author believes that unsatisfied 
olfactory sexual curiosity may be considered as a constant irritant to’ the nasal 
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mucous membrane. This internal psychogenic factor may be more or less impor- 
tant than the external pollen factor in various patients, and either may be suffi- 
cient to precipitate an attack of rhinitis. Schlezinger, Philadelphia. 


Alcoholism and Mental Disorder. Jackson M. Thomas, Quart. J. Stud. on. 

Alcohol 3:65, 1942. 

Thomas reports 5 cases to illustrate the multiplicity of factors which may be 
involved in the genesis of alcoholism. Many of the statistics in the past have 
ignored the complexity of the question and reflect largely the personal bias of 
the investigators. No general formula fits all cases, and each patient must be 
regarded as an individual problem who uses alcohol in his own peculiar way to 
assist in his efforts to adjust in life. Likewise, the more or less direct results 
from the use of alcohol vary greatly in different persons and under different 
ciicumstances. Drayer, Philadelphia. 


The Application of the Rorschach Test to a Samoan Group. P. H. Cook, 
Rorschach Research Exchange 6:51 (April) 1942. 

The subjects were SO students from a mission high school, where boys are 
trained to become native pastors. The mean age was 20.6 years. Though these 
boys may not be representative of true Samoans, they represent a genuine non- 
European cultural and racial group. Ali the boys came from the higher-ranking 
families and were above the average Samoan in ability and development. 

The tests were given in Samoan by an interpreter. The primary purpose was 
to see how a non-European cultural group reacted to the Rorschach test and 
what could be elicited from such a group on the basis of the Rorschach theory. 
A few of the results follow: There was overemphasis on whole responses, which 
were simple and crude. The author feels that this manner of approach may be 
explained by the fact that the language and the level of development of the 
Samoan social pattern arc far below that of other Rorschach subjects. Also, 
the Samoan’s ambition exceeds his ability. 

There was a large usage of white space (S). The reason for this, the author 
explained, may be the strong influence of the missions and the white men on these 
particular Samoans. Few determinants other than form (F) were used. Although 
this is usually a sign of a compulsive or depressive rigidity, here it might be due 
to tlie fact that the Samoans expect and accept a certain form of rigidity and 
compulsion. M responses were few, the FM type being used twice as often as 
the M type. In Samoans this does not necessarily mean emotional immaturity. 
To the Samoans, belief in spirits and a fear and anxiety for certain things are 
natural. Therefore the large use of k, K and FK responses is not startling. 
The small number of texture responses may be attributed to the lack of differen- 
tiation in personality and perception, as well as to an unfamiliarity with most 
objects referred to in common texture responses, such as "fur” and "rug.” CF and 
pure C responses were much greater than FC responses, which may be explained, 
the author states, by the fact that the colors of the tropics are simple and harsh 
and the Samoans have developed little sensitiveness to color nuances. Although the 
choice of content was limited and stereotyped, there are two explanations for this : 
First, in intelligence the Samoan group would fall below an average American 
group; second, the opportunity for development is limited in the tropics. When 
voting for the most and the least preferred cards, the colored cards were the most 
preferred and card. V was the least preferred. 

A comparison of the differential data on the subjects, as presented by tlie 
schoolmasters, with the results of the Rorschach test were not satisfactory, pri- 
marily because the data given on the subjects were influenced by the preferences 
of the teachers and were not, therefore, altogether true. However, the Rorschach 
test can and should be applied to non-European cultural groups. 

Marcovitz, Philadelphia. 
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The Inheritance of Diabetes Insipidus. Harry Blotner, Am. J. M. Sc 
204:261 (Aug.) 1942. 

Blotner reports a case of diabetes insipidus in a man whom he had observed 
for five years; tlie mother and grandmother also suffered from the disease. The 
patient was 25 years old and unmarried. As soon as he could walk and reach 
for water, it was noticed that he drank all that he could get. As he grew older, 
he imbibed as much as 3 or 4 gallons (11 or 15 liters) of water a day. His daily 
fluid intake and output had been about 10 to 12 liters. Solution of posterior 
pituitary U. S. P. administered intramuscularly or intranasally reduced the 
polyuria and polydipsia to normal. The patient’s mother, a widow aged 50, had 
consumed much water since childhood, and up to the age of 10 years she always 
took a quart (946 cc.) or more to bed with her. The condition improved at the 
time of her menopause, and she takes now about 5 to 6 liters of fluids daily. 
The grandmother imbibed 2 gallons (7.5 liters) of water a day when she was a 
girl. She, too, improved at the time of her menopause but still had polyuria 
and polydipsia at the age of 64, when she died of heart disease. 

The records of 70 patients revealed only these instances of familial diabetes 
insipidus. The disease may be inherited through the maternal or the paternal 
side and transmitted cither to male or to female children. There is general 
impression that familial diabetes insipidus is due to a dominant gene. 

Michaels, Boston. 

Narcolepsy. Henry G. Hadley, J. Nerv. & Ment. Dis. 95:13 (July) 1942. 

Narcolepsy is cbaracterizcd by attacks of untimely sleep and by cataplexy. 
Cataplectic attacks arc due to cortical inhibition, and Pavlov expressed the belief 
that narcolepsy is due to excessive inhibitability of the cerebral cortex. Narco: 
Icpsy may be a manifestation of disease of the infundibular system, and Redlich 
has pointed out the frequent association of endocrine dysfunction with the syndrome. 
The symptomatic forms are without cataplectic manifestations, while the primary 
type shows both features of the syndrome and is of cortical origin. The sympto- 
matic type may appear in cases of epidemic encephalitic, cerebral trauma, tumors 
of the floor of the third ventricle and the aqueduct of Sylvius, multiple sclerosis, 
dementia paralytica and epilepsy. Hadley reports a case of primarj'- narcolepsy 
with the later incidental development of a glioma. 

Chodoff, Langley Field, Va. 

Early Symptoms of Aphasia with Brain Tumors. Mark Kanzer, J. Nerv. 
& Islent. Dis. 95:702 (June) 1942. 

Kanzer believes that in cases of aphasia associated with tumor of the brain 
the initial manifestation is likely to be difficulty in word finding. There has been 
considerable controversy in the literature as to whether amnesic aphasia represents 
a special type or a variation of other types of aphasia which may occur with a 
number of diffuse and local lesions of the brain. Weisenburg placed amnesic 
aphasia in a special category because of psychologic differences from the other 
•types of aphasia. His 5 cases were observed only in patients suffering from brain 
tumor. He made no suggestions as to the localizing value of amnesic apliasia. 

The studies of Head included 5 cases of nominal aphasia, a term which undoubt- 
edly corresponds to amnesic aphasia. All occurred in association with a mild 
cerebral lesion or during recovery from a more serious disorder. 

Goldstein, who was concerned chiefly with the psychologic aspects of the dis- 
order, expressed the belief that the diagnosis should be made only after detailed 
psychologic studies. 

The author draws the following conclusions from the observations of the afore- 
mentioned investigators; 1. Amnesic aphasia is a mild disorder of speech, usually 
occurring in association with moderate trauma to the skull, during the early 
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stages of a tumor or during recovery from a vascular lesion or wound. 2. 
Pathologic studies have not yielded a clear conception of the localizing significance 
of the disorder. 3. Establishment of psychologic criteria for the diagnosis of 
amnesic aphasia has not led to a better understanding of its clinicopathologic 
background. 

The author then turns to his own case material and states that the anamnesis 
usually reveals a characteristic picture marked first by “slight forgetfulness,” which 
on close analysis is resolved into difficulty in using proper names or words as 
names of objects. When the patient is admitted to the hospital, examination usually 
gives the picture of a more advanced defect, in which the difficulty in naming 
objects appears to be part of a subtle, but more profound, intellectual and per- 
sonality disturbance. In some cases the speech difficulties have gone beyond the 
stage of pure amnesic defect and there is an admixture with the signs of early 
sensory aphasia. 

The localizing value of amnesic aphasia has been the subject of much debate. 
It remains inconclusive in spite of the claims of Kleist that the disturbance is 
associated exclusively with a lesion of the posterior part of the second and third 
temporal convolutions. The author believes, with Hcnschen, that amnesic aphasia 
may occur as an early symptom with lesions of various portions of the brain 
and that it represents a mild manifestation of true aphasia in the sense of Goldstein. 

The author divides his cases into two groups: (a) those in which the aphasia 
appeared simultaneously with, or after, involvement of the right upper extremity 
and (b) those in which the occurrence of amnesic aphasia preceded tlie involvement 
of the right upper e.\tremily. In the first group the lesion is believed to be 
anterior, the defect being akin to the early stages of typical Broca’s aphasia, while 
in the second group the region of the posterior temporal and the parietal lobe is 
involved. 

Two alternative theories are offered to account for these observations : 1. 
Amnesic aphasia may be regarded as a disturbance in language which is produced 
by disruption of the association patliways between the sensory and the motor 
centers of speech. 2. Amnesic aphasia may be considered as the result of an 
early lesion involving an extensive common language zone about the fissure of 
Sylvius, with loss of association functions. Chodoff, Langley Field, Va. 

Trigeminal Neuralgia and Tumors of, the Gasserian Ganglion. J. G. 
Love and H. W. Woltman, Proc. Staff Meet., Mayo Clin. 17:490 (Sept. 9) 
1942, 

Love and Woltman report 2 cases of tumor of the gasserian ganglion occur- 
ring in patients suspected of having typical trigeminal neuralgia. They comment 
on the rarity of tumors of the gasserian ganglion and call attention to the fact 
that in cases of trigeminal neuralgia with lack of freedom from pain between 
paroxysms tumor of the gasserian ganglion should be suspected. 

Alpers, Philadelphia. 

Heredodegenerative Cerebellar Disorders. Antonio R. of. Mello, Arch, 
brasil. de med. 32:109 (April) 1942. 

After a brief history of the development of the present concept of the hereditary ' 
cerebellar disorders, Mello describes a case which he had the opportunity of 
studying clinically and pathologically. The observation concerns a woman whose- 
disease began at about 29 years of age with unsteadiness of gait, which steadily 
progressed. Examination two months before death, at the age of 36, disclosed 
fixed facies, apathy, exophthalmos, slight ptosis, inability to walk, general mus- 
cular weakness and atrophy, especially in the distal parts of the lower extremities, 
slight asynergy on voluntary movement of the arms, a bilateral Babinski sign, 
exaggerated patellar reflexes and incontinence of feces and urine. The patient 
could scarcely speak even a few syllables and had great difficulty in swallowing.. 
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She died of pneumonia. Several members of the familj'^, representing at least 
three generations, had a similar complaint. Anatomic study revealed atrophy of 
the cerebellar cortex and sclerosis of the cerebellar tracts, the pyramidal tracts 
and the fasciculi of Goll. 

The author offers this case in support of Austregesilo’s thesis of the close 
relationship of Marie’s cerebellar ataxia, Friedreich’s ataxia and peroneal atrophy. 
He proposes to call the condition in his case spinocerebellar heredoataxia. 

Bailey, Chicago. 


Treatment, Neurosurgery 

An Analysis of Deaths Following Therapeutic Malaria. Udo J. Wile 
and Leslie K. ^Hundt, Am. J. Syph., Conor. & Ven. Dis. 26:181 (March) 
1942. 

Since 1925, 1,026 patients with neurosyphilis have been treated by inoculation 
with malaria at the University of Alichigan Hospital. Wile and Atundt report 
tlieir analysis of the causes of the 29 deaths. They suggest, in retrospect, that 
some of the deaths might have been prevented. This is particularly true since 
the advent of sulfonamide therapy, which might have prevented some of the 
deaths caused by infection. Sixty-six per cent of the 29 deaths occurred in patients 
with dementia paral-ytica, the highest mortality rate occurring in the older age 
groups. 

The most frequent serious complication responsible for 12 deaths was sudden 
peripheral circulatory failure or vascular collapse. The signs and symptoms were 
those of true medical shock. The time and occurrence of the circulatory collapse 
were unpredictable, coming on at any period during treatment. The deaths of 
5 patients were attributed, directly or indirectly, to e.xtreme hyperpyrexia ; 
5 patients died as a result of pneumonia, while intercurrent acute infection, 
vascular accidents, internal hemorrhage and suicide (in 2 cases) accounted for 
the death of the others. Beck, Buffalo. 


Use of Alpha Tocopherol in the Treatment of Neuromuscular Disorders. 

Albert J. Lubin, Arch. Int. A'led. 69:836 (May) 1942. 

Lubin reports on the use of alpha tocopherol in large doses in 35 cases of 
neuromuscular disorders. At frequent intervals the patient’s subjective impressions 
and quantitative measurements of their progress were obtained. Muscular strength 
was measured by dynamometric methods. Electrical reactions to faradic and 
galvanic currents were noted, and chronaxias were measured. Frequent deter- 
minations of the creatinine and the creatine output in twenty-four hours were 
performed. The patients consisted of four groups : (1) 7 with amyotrophic 
lateral sclerosis; (2) 9 with muscular dystrophy; (3) 5 with muscular atrophy of 
unknown cause, and (4) 14 with other diseases of the neuromuscular system. 

The condition of 31 patients remained stationery or became worse during the 
period of treatment. In the 4 patients who showed improvement it was shown 
that alpha tocopherol was in no way responsible for the beneficial results. The 
method of study is suggested for use of other investigators of the problem of 
neuromuscular disorders. Beck, Buffalo. 


Ward Therapy. Nathan Blackman, Psj'chiatric Quart. 16:660 (Oct.) 1942. 

Blackman describes a method of group psychotherapy characterized by passive 
guidance on the part of the therapeutist and active participation by the patient. 
The atmosphere is one of friendliness and impartiality. The patients present their 
own cases, and instructive discussions by the patient and other patients and the 
therapeutist are held. This method of ward therapy is presented as a means of 
utilizing available psychiatric guidance in the face of an ever increasing scarcity 
of medical personnel. Lesko, Bridgeport, Conn. 
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The Treatment of Brain Abscess. D. W. C. Northfield, J. Neurol. & 
Psychiat. 5:1 (Jan.-April) 1942. 

Northfield reviews his treatment of abscess of the brain in 31 patients and 
finds that of 12 patients treated by drainage only 3 lived, whereas of 19 patients 
treated by aspiration, decompression or enucleation alone or combined 11 sur- 
vived. Thus closed methods of treatment offer a much more favorable prognosis 
than the open method. Failures are primarily due to siich complications as 
multiple abscesses, massive edema or acute meningitis. Edema may be controlled 
in the early stages by dehydration therapy, but as a rule the best results are 
achieved by surgical decompression. When meningitis, including ventriculitis, is 
a complication of brain abscess it should be treated by decompression measures 
ratlier than by frequent lumbar punctures, since tiie latter tend to promote hernia- 
tion. Chemotherapy doubtless combats meningitis, but not the abscess proper. 
Successful treatment depends on accurate localization and a diagnostic burr hole, 
tapping or ventriculography. The time of surgical intervention varies but should 
be resorted to whenever the clinical condition begins to deteriorate. Aspiration 
should be attempted first. This is followed by decompression only if tension is 
not sufficiently relieved, if there is considerable swelling of the brain or if the 
abscess is deep seated. At the time of aspiration, the cavity of the abscess should 
be irrigated with a 50 per cent electrolytic solution of sodium hypochlorite. 
Repeated aspirations may be necessary', but intervals will gradually lengthen. 
Injection of 1 to 2 cc. of thorium dioxide into the abscess may be of help in 
roentgenologic visualization of the organization of tlie wall of the abscess. Enucle- 
ation of an abscess depends on the formation of a well defined and tough wall. 
This optimum period varies, but the usual time is about the third month. Enuclea- 
tion may prevent the occurrence of a convulsive disorder, and anticonvulsants 
should always be administered until the abscess is fully eradicated. Drainage 
should be used only in exceptional cases, such as those of infected compound 
fractures of the skull or superficial subdural abscess. 

N. Malamud, Ann Arbor, Mich. 


Encephalography, Ventriculography, Roentgenography 

The Significance of Vertebral Fractures as a Complication of Metrazol 
Therapy. Norman L. Easton and Joseph Sommers, Am. J. Psychiat. 98: 
538 (Jan.) 1942. 

Easton and Sommers studied the incidence of vertebral fractures in 200 patients 
both before and after metrazol therapy. They found a fracture incidence of 23 
per cent, with a slightly greater frequency in males than in females. Age was 
a factor, since the fewest fractures occurred between the ages of 21 and 55, and 
the highest incidence occurred after the age of 55. The average number of ver- 
tebral fractures per patient was 2.4. All fractures occurred in the thoracic region, 
the greatest number involving the fourth, fifth and sixth thoracic vertebrae. All 
were confined to the bodies of the vertebrae, chiefly to the superior portion. In 
no case were the laminas or pedicles involved. Pretherapy roentgenograms in 
some cases showed kyphosis, scoliosis, arthritis, nuclear changes or old fractures. 
None of these conditions predisposed to the development of vertebral fractures. 
Roentgenographic examinations and determinations of calcium of the blood and 
spinal fluid carried out through the course of metrazol therapy gave no indication 
of a specific effect of metrazol on calcium metabolism. Moreover, no correlation 
between the mental status and the incidence of fractures could be determined. 
Easton and Sommers comment on the mild nature of the symptoms resulting from 
the fractures. Less than half of their patients complained of pain, and only 3 of 
the patients had recurrence of pain. The authors state that the most important 
aspect of therapy is prophylactic and recommend mechanical support of the spine 
during convulsions. Forster, Boston. 
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AcQUIUKD SuBTliNTORlAL PkkSSURE DiveRTICULUM OK A CeUEHRAL LaTERAL VEN- 
TRICLE. Cornelius G. Dyke, Radiology 39:167 (Aug.) 1942. 

Dyke slates that no cases of the condition which he describes have been recorded 
in the literature, though there are numerous reports of cerebral defects due to 
otber disturbances. An acquired subtentorial pressure diverticulum of a cerebral 
lateral ventricle is a condition in which part of the medial portion of a lateral 
ventricle extends medially and caudally tlirough the tentorial incisura to exist as 
an accessory infratentorial, fluid-filled sac. It is important that this be recognized 
and that the diverticulum be not confused with a rostrally displaced fourth ventricle. 

Three cases of the lesion are cited, 1 of which was verified at necropsy. The 
diagnosis was made in 2 instances from the pneumencephalograms. The first 
case was that of a young man who had had attacks of unconsciousness for five 
months. Roentgenograms of the skull showed a decided increase in intracranial 
liressurc. Pneumencephalograms revealed conspicuous enlargement of the lateral 
and third ventricles and an unusually large collection of gas beneath the tentorium, 
which at necropsy proved to be a diverticulum of the left lateral ventricle. Case 2 
was that of a woman aged 46, who had had paresthesias of the left side of the 
face and body for five years and sudden temporary paralysis of the left side of 
tbe body. Ventriculograms showed notable ventral depression of the lateral ven- 
tricles and a large collection of gas beneath the tentorium which undoubtedly 
represented a pressure diverticulum of the lateral ventricle. Case 3 was that of 
a 16 year old girl who complained of “loss of pep,” headache, amenorrhea and 
diplopia. Great dilatation of the lateral and third ventricles and a moderate-sized 
diverticulum were demonstrated on ventriculographic examination. It is interesting 
to note that the author demonstrated the diverticulum in 2 of the cases by lamina- 
graphic studies of the air-filled ventricle. 

The diagnosis of the condition is important, as the size and shape of the 
diverticulum arc not unlike those of a greatly dilated fourth ventricle. It usually 
occupies a position too high for the fourth ventricle and in most cases is much 
larger than this structure. 

Thb portion of the medial wall of the lateral ventricle to give way was 
apparently the hippocampal gyrus. The distance which the medial wall of the 
ventricle must migrate to reach the edge of the tentorium is negligible, for normally 
the medial margin of the atrium and the posterior third of the body of the lateral 
ventricle are practically in the same vertical plane as the free edge of the ten- 
torium. This is true of the exact area where the hippocampus swings laterally 
from the thalamus, and the gyrus here is rather thin. Therefore when the lateral 
ventricles are enlarged, particularly when they are greatly dilated, the medial 
portion of the atrium of the lateral ventricle is actually medial to the free edge 
of the tentorium, thereby facilitating the formation of a subtentorial diverticulum. 

The underlying cause of the subtentorial diverticulum in all the cases was 
pronounced elevation of the intracranial, especially the intraventricular, pressure. 
The nature of the wall of the diverticulum cannot be determined, but there is 
probably a thin layer of brain tissue and leptomcninges and the wall may well be 
lined with ependyma. Kennedy, Philadelphia. 


The Roentgenograpiiic Appearance of the Bones in Cushing’s Syndrome. 

Marcy L. Sussman and Benjamin Copleman, Radiology 39:288 (Sept.) 

1942. 

The clinical picture of Cushing’s syndrome in the female, in ivhom most of the 
cases have been reported, consists of deposition of fat on the trunk, vascular 
hypertension, amenorrhea, purplish striae on the abdomen and thighs, choleric 
facies, various degrees of hirsutism, actiniform eruptions, decreased sugar tolerance 
and osteoporosis. The syndrome apparently occurs with basophilic adenoma of 
the pituitary gland and tumors of the adrenal cortex, and rarely of the thymus, or 
without tumor of any of these organs. The association of a tumor with Cushing’s 
syndrome occurs rarely in the adult male, regularly in the child and commonly 
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in the adult female. In all cases the basophilic cells show characteristic hyaline 
changes; it may be, however, that the hyalinization represents a period of over- 
activity of the basophils as a consequence of inactivation of certain subsidiary 
ductless glands. 

There are a decrease in the estrogens of the blood and an increase in the 
androgens. Androgens may inhibit the effect of the estrogens on the formation 
of bone, which may account for the severity of the osteoporosis. The most 
important factor, however, is thought to be a negative nitrogen balance due to the 
increased conversion of proteins into sugars. 

Osteoporosis is of common occurrence in cases of Cushing’s syndrome. Eisen- 
hardt and Thompson found that of 61 patients, ranging in age from 11 to 78 
years, 53 had definite osteoporosis, 5 showed questionable changes and 3 had 
normal bones. In the authors’ series of 7 patients, from 19 to 49 years of age, 
6 had osteoporosis. The skull was most often involved, but the more striking 
changes were noted in the ribs and spine. In 1 patient the long bones were 
involved. 

The osteoporosis of the skull, seen in 5 of the 7 patients, was irregular in 
<Ii.stribution and occurred most often in the frontal and parietal regions. The 
areas affected were irregularly triangular or ameboid, with poorly defined margins, 
or were roughly circular, resembling metastatic carcinoma. In 1 patient the skull 
showed diffuse coarsely granular mottling. Occasionally only the dorsum sellae 
was osteoporotic. 

The spine revealed uniform osteoporosis, this being found in all segments. The 
bones were more radiolucent because of a uniform decrease in the number and 
density of the trabeculae. The osteoporosis may be severe, resulting in compres- 
sion fractures of the vertebrae, or may be so mild that it is difficult to recognize. 
It has no specific characteristics. 

The ribs show a peculiar change near the costochondral junctions which is 
almost pathognomonic. It is usually found in the lower ribs and is .symmetric 
as a rule. The ribs are expanded to about twice their normal size for a distance 
of about 1 inch (2.5 cm.). The area is sharply outlined, as though by a calcified 
shell. Within this the deposit of calcium is uniform and homogeneous. The 
affected areas are denser than the surrounding bone, their appearance suggesting 
callus formation. No fracture line was visible in the present series of cases, 
although it has been reported. The histologic picture was indistinguishable from 
callus. Fractures of the vertebral bodies arc readily explained as a result of loss 
of strength due to the osteoporosis. This may also explain the rib fractures, but 
it is significant that such fractures have not been reported in cases of osteoporosis 
occurring after the menopause or in association with nutritional disturbances. In 
Albright’s cases of menopausal osteoporosis there was a history of fracture of ribs 
in only 1 instance. 

In 1 case the osteoporosis was extreme, and the humeri and femurs were 
involved. The more profound changes occurred in the cases of adenoma. The 
duration of the illness could not be correlated with the severity of the changes 
observed in the bones. In all the cases there was a tumor of the adrenal cortex — 
in some a benign adenoma and in others a carcinoma. Kennedy, Philadelphia. 
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N. W. WlNKEL^^AN, M.D., President, in the Chair 
Annual J\ feeling, .fane d, 1942 

Miliary Aneurysms: Relation of Anomalies of the Circle of Willis to 
Formation of Aneurysms. Du. Heuina E. Riggs and Dr. C. Rupp, Phila- 
cielphia (by invitation). 

A study of the circle of Willis in 1,437 'Consecutive cases demonstrated the 
presence of aneurysms measuring 0.5 cm. or less in 131 cases (9 per cent). In 
28 cases multiple aneurysms were present, as many as 5 being noted in a single 
case. The absence of any significant increase in the number of these lesions in 
the older age groups largely eliminates systemic disease, such as arteriosclerosis 
or hypertension, as a primary etiologic factor. Failure to discover any aneurysms 
in a group of 102 infants and children under 10 years of age lends confirmation 
to the theory of Forhus that miliaiy aneurysms as such are not of congenital 
origin hut that their development is fundamentally related to structural defects 
in the arterial wall of embryonic origin. The location of the aneurysms in this 
.series of cases strengthens this hypothesis. All these lesions were located in 
relation to arterial branchings, areas in which, as Forhus has demonstrated, con- 
genital structural defects of the arterial wall are characteristically present. 


Site: Arterial Branching No. of Cases 

Anterior cerebral with anterior communicating artery 79 

Middle cerebral with anterior cerebral artery 36 

Internal carotid artery with: 34 

Anterior communicating artery 
Anterior choroidal artery 

Ba.silar artery with: 15 

Posterior communicating artery 
Superior cerebellar artery 
Posterior inferior cerebellar artery 
Vertebral artery 


Bifurcation of anterior cerebral arterj' (second portion) .... 6 

Bifurcation of posterior cerebral artery 2 

Forhus suggested that the evolution of aneurysms in such areas is affected 
largely by mechanical forces and that the high intravascular pressure normally 
developed at bifurcations, when exerted against the congenitally weak arterial’ 
wall in that area, provides the necessary mechanism by which the dilatation is 
effected. This hypothesis, however, does not account for the failure of aneurysms 
to develop at all bifurcations at which structural weakness of the wall is present. 
Further, such a theory is tenable only for the development of aneurysms from 
areas of structural weakness located at points where the parent stem divides into 
two branches of equal size. ’ In this study only 26 per cent of the aneurysms 
occurring at arterial branchings were located at such bifurcations; 74 per cent 
occurred at the branching of a small artery from the side wall of a parent vessel 
of greater caliber. 

The presence of a high degree of association of aneurysms and anomalies of 
the circle of Willis (X- = 13) in this series suggests that such structural mal- 
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formations, by producing local alterations in intravascular dynamics, may provide 
a mechanical l)asis for the development of aneurysm' in congenitally weak por- 
tions of the vascular wall. Analysis of the location of the aneurysms in relation 
to abnormal formations of the circle' of Willis demonstrates that 86 per cent of 
these lesions lay in fields where anomalies provided a potential source of hydraulic 
imbalance. 


Sarcoma of the Temporal Lobe Associated with Abscess and Invading 
the Subcutaneous Extracranial Tissues. Dr. P. Baii.f.y, Chicago. 

History . — A white woman aged 40 was admitted with the complaint of head- 
ache of two months’ duration. She liad been well until March 1941, when she 
had a sore throat, from which she recovered promptly. In May 1941 severe 
generalized headaches began, the pain at first lasting a few days and gradually 
becoming continuous. She had vomited almost daily for the last three weeks. 

Examination on July 14, 1941 showed bilateral papilledema of about 4 D. 
The visual fields were normal. Roentgenograms of the skull revealed irregu- 
larity of structure of the vertex, of questionable pathologic significance. The 
diagnosis was unlocalized intracranial lesion, probably glioblastoma, with hyper- 
tension. A ventriculogram, made on July 15, revealed evidence of a lesion in 
the right temporal area. A subtemporal decompression was made in tins' region, 
and from a cavity thin pink fluid was aspirated; microscopic examination of this 
fluid revealed no organisms and culture yielded onlS’ a few colonics of diphthe- 
roids. 

The patient slowly recovered from the operation. The wound gradually became 
more troublesome, however, and drainage yielded only a small amount of purulent 
material. The lesion was treated for many weeks with local applications of sulf- 
onamide compounds, and, from July to December 1941, six operations were per- 
formed for revision of the abscess cavity, excision of corte.x and debridement of 
an area of osteomyelitis involving the temporal, parietal and frontal bones. The 
edges of the wound became progressively thickened; in November left hemiparesis 
followed the debridement, and in December and January the patient received inter- 
mittent doses of roentgen rays, amounting to some 1,100 r in all. After the cessa- 
tion of roentgen therapy, the piling up and thickening of the edges of the wound 
increased rapidly, and the lesion extended to the vertex of the skull and down 
the entire right side of the face, involving the face and the right eye in an 
indurated swelling. Various organisms, including Staphylococcus aureus. Strepto- 
coccus haemolyticus. Pseudomonas aeruginosa and Encapsulatus aerogenes, were 
isolated from the wound, which had by now closed to a narrow sinus. The patient 
became weaker and died April 10, 1942. 

Autopsy . — Complete postmortem examination disclosed nothing of importance 
except for the cerebral lesions. The anterior part of tbe right temporal lobe of 
the brain was occupied by a firm, whitish mass, sharply demarcated from the 
brain tissue and continuous with the indurated subcutaneous tissue of the face and 
scalp. This tumor was only loosely adherent to tbe dura mater except around 
the decompression opening in the skull. Above the tumor, in the dorsal part of 
the temporal lobe, was the sinus track, with a small collection of pus at its 
inner extremity. The brain had herniated slightly around the drain. The ven- 
tricles were covered by a whitish granular material, which looked like the surface 
of a cauliflower. 

Microscopic E.raiiiwafion.— Tbe intracranial and the extracranial portion of 
the tumor, as well as the intraventricular nodules, were similar in structure. 
Broad, streaming bands of elongated cells formed a stroma which divided the 
neoplastic mass into alveoli. The nuclei of the neoplastic cells were chiefly oval 
and somewhat vesicular. Mitoses were numerous. Perdrau s method i er caled 
an abundant network of reticulin, lying chief!}' in the stroma but often permeat- 
ing the tumor, in intimate association with the neoplastic cells. There could be 
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no doubt that the tumor was an alveolar sarcoma of leptomeningeal origin. There 
was also purulent infection of the brain, meninges and ventricular walls. 

Comment . — It is unusual for an intracranial tumor to infiltrate the subcutaneous 
tissue in this manner. I have never known a glioma to do more than bulge 
outward through a decompression opening as a well circumscribed mass. Intra- 
cranial sarcoma is so rare that I have had no experience with extension into 
subcutaneous tissues by such a tumor. Is it possible that there was, neverthe- 
less, an abscess and that the neoplasm was caused by the large quantities of a 
sulfonamide compound used in the wound? Such an explanation would account 
for the intracranial and the extracranial growth without the assumption that the 
intracranial tumor spread outward to invade the subcutaneous tissues. That 
there was a serious infection was proved by the development of osteomyelitis 
of the skull,' but this may have been secondary. It is not likely that irritation 
from the long-standing infection could have given rise to the neoplasm; such an 
origin would be without precedent in my experience. Actually, it seems to me 
impossible to answer these questions. 

DISCUSSION 

' Dr. L. H. Ziegler, Wauwatosa, Wis. ; Several years ago, a boy about 10 
years old was referred to- me because of headaches, vomiting and evidences of 
increased intracranial pressure. He had occasional slight fever, but no well 
defined localizing signs; however, one or two of the cranial nerves were par- 
tially palsied. A lumbar puncture, cautiously done, revealed a count of about 
SO cells per cubic millimeter of spinal fluid. My associates and I were puzzled 
to know whether the condition was encephalitis or a neoplasm, but we favored 
the diagnosis of encephalitis. However, this was in the days before the advent 
of sulfonamide drugs. The proc.ess was progressive, and a subtemporal decom- 
pression revealed widespread sarcoma of the meninges. On the patient’s death 
this diagnosis was verified. The. sarcoma had in places invaded the brain, espe- 
cially around blood vessels. 

Dr. R. B. Richter, Chicago: With regard to the experimental angle of 
the problem, the study by Haerem {Proc. Soc. Exper. Biol. & Med. 45:536 
[Nov.] 1940) is of interest. He observed in a tumor-free strain of mice that 
spindle cell sarcoqia developed in 10 per cent of animals given subcutaneous 
injections of sulfanilamide in lard, while tumor did not appear in any of a 
large number of control animals given injections of lard alone. 

Experimental Studies on Electric Shock Treatment: Intracerebral Vas- 
cular Reaction as an Indicator of the Path of the Current. Dr. Leo 
Alexander and Dr. H. Lowenbach, Durham, N. C. 

In a' previous study by Alexander and Weeks, it was observed that if an 
electric current of a magnitude sufficient to abolish irritability and conductivity 
of the nerve fiber was passed through a peripheral nerve, capillary and supra- 
capillary anemia of the vascular bed established itself in that part of the nerve 
through which current had been flowing. This anemia lasted until shortly before 
irritability and conductivity of the nerve returned. More recently, Echlin pro- 
duced localized cerebral anemia by direct electrical stimulation. While previous 
experimental work on electric shock, similar to that used in treatment, had tended 
to show rather diffuse cerebral and meningeal changes, not all of which were of 
clearcut pathologic significance, the observations by Alexander and Weeks make 
it appear extremely unlikely that electric current would distribute itself diffusely 
throughout the brain, but suggested the existence of a fairly clearcut path from 
one electrode to the other. Therefore, we felt that it was necessary to carry 
out experiments by which we could outline clearly the characteristic vascular 
reaction to the electric current. 
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With doses above the therapeutic level, with respect both to strength and to 
duration, we produced dearcut capillary and supracapillary anemia of what is 
ihorphologically the frontal lobe in the cat (i. e., the frontocruciate region) when- 
ever the electrodes were applied in a way comparable to the usual method of 
producing electric shock in man — namely, with the current passing from the area 
in front of one ear to the area in front of the other, through electrodes measur- 
ing 100 sq. mm. 

This supracapillary and capillary anemia of the frontal region, presumably 
caused by vasoconstriction as a consequence of tlie passage of the electric current, 
lasted up to one and one-half hours. With shock doses comparable to those used 
in treatment, the anemia (vasoconstriction) one-half hour after the shock was cither 
slight or equivocal, or no change could be recognized at all. It is concluded that 
no consistent pathologic changes of any significance were caused bj’’ shock doses of 
electric current comparable to those used in treatment and that the fundamental 
changes caused by the electric shock treatment must be essentially physiologic 
or physicochemical. 

DISCUSSION 

Dr. L. ICalinowsky, Brentwood, N. Y. : There are available now several 
experimental studies in which the current was comparable in intensity and dura- 
tion to currents used in treatment of human beings. Most of these studies did 
not reveal any important pathologic change in the brain tissue. The results of 
Dr. Alexander and Dr. Lowcnbach are in full accord with the observations of 
Cerletti and Bini (Riv. sper. di freniat. 64:1, 1940), with the recent studies of 
Moore and Winkelman and with the work of Barrera and myself. The only 
investigation in which different results were obtained is that of Alpers and 
Hughes, who observed numerous hemorrhages in their animals. In this connec- 
tion, I wish to mention the work of Stender {Mimchen. mcd. Wchnschr. 84:1893, 
1937), who observed hemorrhages of the same type in animals after metrazol 
convulsions. He was impressed by the similarity of such hemorrhages to those 
in cases of concussion and suggested that they might be explained by injury to 
the head sustained during the violent convulsion. He therefore treated a second 
series, putting the animals in a padded box during the convulsions. In none of 
the animals of the second series were hemorrhages seen. This observation may 
be of possible aid in explanation of the variable results of studies on electric 
shock convulsions, all the more as Hassin did not see such hemorrhages in the 
brains of electrocuted criminals, to whom currents of intensities many times those 
employed in shock treatment were applied. 

Dr. M. T. Moore, Philadelphia: Dr. Alexander’s presentation has made clear 
two important facts regarding the effect of an electric current on the smaller 
vessels of the brain. First, currents of an intensity not in excess of that 
sufficient to produce a convulsion in the cat, analogous to that observed in 
human subjects, do not produce rhexis of the intracerebral or the meningeal 
vessels. Second, when a current of sufficient intensity to produce hemorrhages 
is used, the hemorrhages occur in the path of the electric current between the 
electrodes and are not diffusely scattered throughout tlie brain. 

In several recent reports of convulsions experimentally produced by means of 
electric shock, subarachnoid and intracerebral hemorrhages of rather scattered 
distribution have been described. It .is important, in the light of the evident 
efficacy of electric shock in the treatment of the affective psychoses, to evaluate 
these observations. In experiments with convulsions induced in cats. Dr. Winkel- 
man and I have failed to find any evidence of cerebral hemorrhage, or indeed 
any change of note, when the animals were treated in a manner similar to that 
used with human beings. Some of the histopathologic changes reported may be 
attributed to factors other than the passage of the electric current alone. Neu- 
mann, Cohn and Katzenelbogen (Am. J. Psychiat. 98:671 [March] 1942) observed 
cerebral changes in a controlled group of 7 cats, of which 3 were permitted to 
live for several months in the laboratory, .2 were killed shortly after arrival 
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and 2 died of “sniffles,” Examination of the brains, of these animals showed 
pyknosis and edema in 4, toxic encephalopathy in 1, congestion and stasis of 
the cerebral vessels in 3 and petechial hemorrhages in 2. We, likewise, have 
observed in control animals similar histopathologic changes, as well as fibrosis 
9 f the meninges. Ferraro and Roizin (/. Neuropath. & E.vper. Neurol, 1:81 
iJan.] 1942), in their work on acute experimental inanition in cats, showed, among 
other things, vascular changes varying from slight productive alterations to 
severe involvement, as well as occasional hemorrhages. Prados and Swank 
(Vascular and Interstitial Cell Changes in Thiamine-Deficient Animals, Arch. 
Neurol. & Psychiat. 47:626 [April] 1942) demonstrated that in animals with 
nutritional deficiency, particularly thiamine deprivation, vascular disturbances 
occurred in the brain, eventuating in petechial hemorrhages. The vascular 
changes consequent to thiamine deficiency have been stressed by Alexander and 
others. Alexander indicated that the vulnerability of the wall of the smaller 
vessels is influenced by such deficienc}'. In the experimental work of Alpers 
and Hughes (Changes in the Brain After Electrically Induced Convulsions in 
Cats, Arch. Neurol. & Psychl.\t. 47:385 [March] 1942), the first two groups 
of animals were treated with electric cerebral shock daily except on Sundays. 
Animals treated in such a manner often show a disinclination to eat, and it is 
quite possible that tliese animals suffered from nutritional deprivation. Treat- 
ments with the electric current were therefore an added disruptive factor, and 
it is not' inconceivable tliat the vasculature predisposed to weakness by a vitamin 
deficiency may have given away% with resulting hemorrhages. It may be noted 
here that these hemorrhages were fairly widely distributed and did not corre- 
spond to the “track” hemorrhages, as illustrated by Dr. Alexander. 

Dr. N. W. Winkelman, Philadelphia: Dr. Alexander and Dr. Lowenbacb 
have shown that with shock doses comparable to those used with human subjects 
the anemia in the brain one-half hour after the shock was either slight or absent, 
but with doses above the usual therapeutic level clearcut anemia was produced 
along the pathway of the current. 

I wonder whether the authors studied the eyes of their experimental animals. 
In human subjects Dr. Moore and I have noted conspicuous congestion of the 
conjunctiva and sclera almost immediately after the application of the current. 
There appeared to be no preliminary vasoconstruction. 

Dr. Leo Alexander, Durham, N. C: I am grateful to all the discussers 
for their comments, and I am sure that Avith their joint efforts some light Avill 
be shed on the still unknown basic factors, physiologic, physical and chemical, 
which are operative in electric shock treatment. 

Scarlatinal Encephalomyelitis. Dr. N. W. Winkelman, Philadelphia. 

In the perivenous, demyelinating form of encephalitis many etiologic factors 
are concerned, but for the most part the disease complicates vaccination and 
the acute infectious diseases of childhood, such as measles, chickenpox and small- 
pox, which attack the skin. 

Because of the rarity of the encephalomyelitis during scarlet fever, the fol- 
lowing case, in which the histopathologic changes conformed to the usual picture 
of so-called postvaccinal encephalitis, is reported. 

In a 9 year old Negro girl signs and symptoms of diffuse involvement of 
the brain and spinal cord developed on tlie eighth day of her illness with scarlet 
fever. She died, with bulbar symptoms, in two days, after a stormy course. 

Myelin sheath stains of the cortex, subcortex, basal ganglia, brain stem and 
spinal cord showed areas of demyelination, which Avere distributed almost entirely 
around the A'eins. Many of the smaller A'eins contained thrombi in various stages 
of organization. With cell stains the cortex for the most part revealed architec- 
tural disturbance as the result of mild loss of cells, increase in the macroglia 
and microglia and perivenous cuffing, made up of a narroAV zone of hematogenous 
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element's (jj^mphocytes and plasma cells), surrounded at times by a wide band 
of microglia cells and^ phagocytes. The subarachnoid space was invaded only 
secondarily by a few inflammatory and phagocytic elements. 

'f'he changes in the subcortex were highly developed. There the perivenous 
involvement reached a maximum, with cuffing of the vessels by a few lymphocytes 
and plasma cells, intermingled with many phagocytes and microglia cells, the 
infiltration reaching far out into the tissues, without sharp delimitation. A gen- 
eralized macroglial increase was present. 

The changes in the brain stem were of a similar nature but of somewhat less 
pronounced degree. The perivascular accumulations showed fewer hematogenous 
cells, with microglia cells and phagocytes streaming out into the parenchymatous 
substance. The ganglion cells were spared in great measure, but they presented 
acute changes of various kinds. 

The spinal cord showed changes similar to those of the rest of the central 
nervous system. Both the gray and the white matter were involved. Severe 
perivenous demyelination and cellular reaction, resembling the changes in the 
brain stem, were noted. The motor cells of the ventral horn were fewer, although 
normal cells could be seen. The membranes, especially those in relation to the 
anterior fissure, showed an inflammatory reaction. Afarginal gliosis of severe 
degree bordered the anterior fissure but was less pronounced around the rest of 
the cord. The spinal ganglia were completely surrounded by hematogenous cells, 
together with some phagocytic elements. The ganglia themselves were not 
directly invaded by these elements. 

The cerebellum showed changes of the same type as those noted in the rest 
of the central nervous system. Here, also, the white matter was chiefly affected. 

This study, centered around a single case report, disclosed three important 
facts. 1. Unlike other exanthems, scarlet fever is rarely complicated by encephalo- 
myelitis of the perivenous type. 2. The conclusion of Ferraro and Scheffer that 
the perivenous type of encephalomyelitis is not an inflammatory process in the 
strict sense of neuropathologic nomenclature, and that it should be termed an 
encephalopathy, is probably correct. 3. Perivenous encephalomyelitis usually 
occurs with acute exanthemas due to virus infection. Scarlatina, a streptococcic 
infection, is the exception to the rule. The histopathologic picture, however, 
conforms to that of postvaccinal encephalomyelitis and does not resemble the 
primary virus encephalitides, as exemplified by rabies, poliomyelitis and St. Louis 
■encephalitis. 

DISCUSSION 

Dr. I. J. Sands, Brooklyn: For the past decade I have followed the neuro- 
logic material at the Kingston Avenue Hospital for Contagious Diseases. The 
■cases are drawn from a population of approximately 3,000,000. Seldom, if ever, 
•does true encephalitis complicate scarlet fever. A scarlatinal rash in Negroes 
-is sometimes difficult to recognize, and frequently other types of rashes may be 
-mistaken for the eruption of scarlet fever. I have known _ clinicians of long 
^experience to disagree on the diagnosis of such a rash. Without intending to 
■disparage the diagnostic skill of those in charge of this case, I reserve the right 
lo question the original clinical diagnosis. The patient obviously had encephalo- 
myelitis, but the cause was unknown. 

Dr Arthur Weil, Chicago: I am not quite as skeptical as Dr. Sands with 
•respect to the clinical diagnosis in this case, but I agree with Dr. Winkelman 
•that the histopathologic picture which he demonstrated is unusual for a case of 
■encephalitis following scarlet fever. From the few cases reported in the literature 
and my own limited experience, it appears that metastatic, emboH-disseminated 
encephalitis may occur after infections of the kidneys, lungs and other organs. 
The condition may be accompanied by multiple small hemorrhages or by purpura 
of the brain I cannot agree with Dr. Winkelman that the lesions in his prepa- 
rations resembled those of encephalitis following measles. In the latter condition 
the gray matter is usually spared, while in the present case there was a massive 
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inflammatory reaction in botli the gray and the white matter. Furthermore, with 
measles one usually does not see such severe meningitis and such pronounced 
perivascular lymphocytic infiltration; the perivascular gliosis and necrosis are 
more prominent in measles. 

The term demj'^elination is rather loosely used in present day literature; fre- 
quently the author does not state whether there is disappearance of the myelin 
sheaths alone or whether the paling in his myelin-stained preparations indicates 
also a breaking down of axis-cylinders, a complete necrosis of the axon, as it may 
be seen in the perivascular foci of measles encephalitis in adequately silver- 
impregnated sections. 

Dr. N. W. Winkelman, Philadelphia; I agree thoroughly with Dr. Sands 
with respect to the difficulties of diagnosis of scarlet fever in a Negro child. 
In this case, however, the patient was examined at a municipal hospital where 
Negroes are treated in large numbers. The staff members were unanimous in 
their conclusion that the patient was suffering from scarlet fever and that the 
neurologic manifestations were the result of that condition. 

Dr. Weil is correct in his statement that the complication of encephalitis in 
tlie course of scarlet fever is extremely rare; for that reason alone this case 
was made the subject of a special report. I am in accord with Dr. Weil in regard 
to the greater involvement of the white matter, but I do not entirely agree that 
the gray matter is usually spared. In most cases of measles encephalitis or of 
postvaccinal encephalitis there is some involvement of both the cortex and the 
subcortex. Globus (Infections of the Central Nervous System, A. Research Nerv. 
& Ment. Dis., Proc. [1931] 12:33, 1932) stated that in the postvaccinal type of 
encephalitis “the inflammatory changes . . . show no preference for the white 
or gray matter.” 

I agree tliat the term demyelination is used loosely by most authors. In my 
case there were actual perivascular necroses to account for the loss of myelin 
sheaths around the veins. 

New Staining Method for Demonstration of Debaryomyces Neoformans 
(Torula Histolytica), Blastomyces Hominis, Coccidioides Immitis 
and Histoplasma Capsulatum in Histologic Preparations. Dr. J. W. 
Kernohan, Rochester, Minn. 

This study was undertaken because of the difficulty of demonstrating Debaryo- 
myces neoformans (Torula histolytica), Blastomyces hominis, Coccidioides immitis 
and certain other fungi in histologic preparations. Cresyl violet stains the 
capsules of these organisms pale sky blue and the contents of the capsule frequently 
rose or pink. 

With Meyer’s mucicarmine, Debaryom 3 'ces neoformans stains scarlet; the 
capsules of Blastomyces and Coccidioides immitis and certain other fungi are red, 
and the contents take a variable color but frequently do not stain. 

. With Best’s carmine, the capsules and organisms stain a deeper hue, but since 
the background is also darker, the contrast is little, if any, improved. 

With silver stains, these organisms are outlined sharply and are distinguished 
readily. I have counterstained the silver preparations with the carmine stain 
recommended by Best for the demonstration of glycogen. This combination of 
metliods is superior to any I have encountered. The organisms (Debari’^omyces, 
Blastomyces, Coccidioides, etc.) all stain scarlet and are sharply outlined with 
the silver. This combined stain also eliminates the pink or reddish background 
which is so objectionable with the Best carmine stain alone. The latter is 
apparently not specific for glycogen, but demonstrates in a characteristic manner 
amebas, certain yeasts and fungi, and so forth. In a recent case of infection of 
the heart valve with Histoplasma capsulatum the combined stain demonstrated the 
organisms clearly and differentiated them from the surrounding tissue. The 
cytoplasm of the organisms was scarlet and contained small granules of material 
impregnated with the silver. Furthermore, the organisms varied in size, from the 
small variety usually noted to verj' large forms. The latter resembled closely 
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large yeastlike bodies, and a few contained numerous small forms simulating 
cndospores. On the other hand, some of the organisms of intermediate size were 
forming buds. This variation in size and form of H. capsulatuin should be investi- 
gated bj”^ a competent and experienced mycologist. 

DISCUSSION 

Dr. Leo Alexander, Durham, N. C. : All who have struggled with the 
difficult problem_ of staining these organisms satisfactorily will be grateful to Dr. 
Kernohan for his important contribution. 

Dr. Percival Bailey, Chicago: Watts, in a paper on Torula infection (^Am. 
J. Path. 8:167 [March] 1932) published from my clinic, showed that Masson’s 
technic for mucicarmine is an excellent stain for yeast, ■ The organisms stain red 
against a clear yellow background (metanil yellow). 

Dr. Walter Freejian, Washington, D. C. : Dr. Kernohan has shown some 
exceptionally beautiful preparations demonstrating these parasitic invaders in the 
meninges of the central nervous system. It is admitted that ordinary hematoxylin 
and eosin preparations are unsatisfactory, and there is such a variation in the 
staining reaction of the organisms to thionine and so little of the tissue visible 
with the Gram stain that this method has its place. Personally, I have used the 
Perdrau silver impregnation method with rather satisfactory results; the organism 
shows up prominently. 

Histogenesis of Cerebral Arteriosclerosis. Dr. G. Eros, Orangeburg, N. Y., 

and Dr. A. Ferraro, New York. 

Our report deals especially with the histogenesis of the vascular changes in 
over SO brains for which a clinical diagnosis of cerebral arteriosclerosis had been 
made. On the basis of our studies, wc feel that the primary, and most important, 
changes take place in the clastic tissue of the blood vessels, especially in the 
so-called internal elastic membrane. All the other degenerative changes, such as 
fatty and mucoid degeneration, calcification, fibrous proliferation and hyalinization. 
are only secondary to the changes in the elastic tissue. 

Two main types of degenerative changes can be distinguished: (1) the hyper- 
plastic and (2) the hypoplastic. 

In the hyperplastic degenerative type there is a pronounced tendency to pro- 
liferation of the elastic tissue in the larger, as well as in the smaller, arteries of 
the brain. The internal elastic membrane shows reduplication and multiplication 
even in the early stages. This hyperplasia of the elastic tissue is the primary 
factor and is at times accompanied by, or generally followed by, degenerative 
changes and fibrous proliferation of the intima. 

In the first stage the newly formed elastic fibers and lamellas are darkly 
stained and sharply outlined, and the degenerative changes are not pronounced. 
Later the deposition of fatty substances is gradually increased and is accompanied 
by fibrous proliferation of the intima. In the more advanced stages the elastic 
lamellas and fibers become paler, their outlines lose definition and the deposition 
of fatty substances is particularly pronounced in the deeper layers of the intima. 
In advanced stages the proliferated elastic fibers and lamellas disappear, being 
partially or totally replaced by fibrous connective tissue. In these late stages there 
are usually conspicuous fatty and mucoid changes, hyaline degeneration and, 
eventually, deposition of calcium in the intima. The lumen of the arteries becomes 
narrower, owing to proliferation of the intima. As the pathologic process 
progresses, these proliferative and degenerative alterations gradually involve the 
other layers of the arter}^ especially the media. 

In the hypoplastic degenerative type there is little, or no, tendency to pro- 
liferation of the elastic tissue. The elastic membrane is pale and indistinct in 
outline, even in the earliest stages of arteriosclerosis. Reduplication or multipli- 
cation 'of the layers of the elastic membrane is not evident. In later stages the 
elastic membrane is swollen, pale, loose and folded. In many arteries exhibiting 
this type of degeneration the internal elastic membrane seems to have undergone 
thickening, which closer study reveals to be pseudothickening, the result of 
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swelling of the degenerated elastic membrane. The swollen membrane is lacking 
in elastic substance. Fat stains may show fatty degeneration of the intima in 
the very early stages. These 'degenerative changes in the elastica in some arteries 
may be accompanied by moderate fibrous proliferation of the intima, but in many 
of the arteries no fibrous thickening of the intima or appreciable diminution of 
the lumen of the arteries is noticeable. On the contrary, the lumen is usually 
wider than normal, and the walls of blood vessels show deformities and inden- 
tations, presumably related to loss of elasticity. In more advanced stages the 
degenerative changes may gradually involve the other layers, with subsequent 
fibrosis, fatty degeneration or hyalinization of the entire wall. However, in these 
advanced stages some of the degenerated arteries remain wide open and do not 
disclose appreciable diminution of their lumen. 

While this distinction between the hyperplastic and the hypoplastic type of 
cerebral arteriosclerosis holds true for the intracerebral blood vessels, the large 
arteries of the circle of Willis are likely to show a less evident difference 
because of their greater tendency to major proliferation of the elastic tissue and 
degenerative changes in the entire wall. Neither the hypoplastic nor the hyper- 
plastic variety seems to be related to advanced age, inasmuch as the degeneration 
may appear in comparatively young persons. 

Constitutional factors may play an important part in determining the type of 
reaction of the blood vesesls to all sorts of pathogenic agents. This contention is 
in support of the statement that arteriosclerosis is not a disease of advanced age 
only but is determined by the constitutional makeup of the vascular system. 

In the hypoplastic degenerative type of arteriosclerosis diffuse vascular dis- 
turbances may deevlop, which may lead to diffuse parenchymatous changes rather 
than to circumscribed softenings. In the hyperplastic degenerative type the 
intimal proliferation and the diminution of the lumen of the arteries lead, rather, 
to various types of softenings and accompanying focal symptoms. In the hypo- 
plastic type hemorrhages occur even in the early stages and appear more often 
than in the hyperplastic type. We have never encountered hemorrhages accom- 
panying the hyperplastic type of vascular change except in the later stages, when 
severe degeneration takes place. 

niscussioN 

Dr. C. E. Benda, Wrentham, Mass.: Arteriosclerosis is a well defined clinical 
and pathologic entity, and general pathologists have been concerned to a great 
extent with the problem of arteriosclerosis of the arteries of the body. Of the 
pictures which Dr. Eros demonstrated, only a few showed what one would call 
arteriosclerosis of the cerebral vessels. The other slides presented various types 
of hypertrophic fibrosis of the arteries or atrophic and degenerative changes. 

One might study the condition of the cerebral arteries in cases in which the 
general pathologist has recognized pronounced arteriosclerosis in the vessels of 
the body organs. Dr. Eros and Dr. Ferraro noted little arteriosclerosis in the 
brain in their investigation. I doubt, however, whether the condition of the 
cerebral arteries was their primary concern, for Dr, Eros stated that they noted 
no relation between the age of the patient and the so-called arteriosclerotic 
changes in the brain. Examination of the cerebral vessels in cases of severe 
arteriosclerosis of the coronary and other arteries shows frequently little arterio- 
sclerosis of the vessels of the brain; I was especially impressed in studies on 
paralysis agitans by the frequency with which the vessels in the brain were free 
from arteriosclerosis when the pathologist had reported advanced arteriosclerosis 
in the body organs. My experience is in accord with that of several other 
investigators. 

On the other hand, I fear that the application of the term arteriosclerosis, 
which is well established in general pathology, to the changes in the cerebral vessels 
which these authors observed will lead to great confusion. Hypertrophy of the 
intima is seen in many conditions, , especially chronic infectious diseases ; if one 
studies the arteries leading to a tuberculous organ, one usually sees proliferation of 
the intima in that area. In most diseases of the brain the arteries react either 
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with hypertrophic or with degenerative changes, and in the brains of children 2 
or 3 years of age I have seen changes similar to those the authors presented. 
In hardly a single case with pronounced pathologic changes in the brain did 
careful study of the cerebral arteries not discover considerable alteration of the 
vascular walls. If one is going to call all such changes arteriosclerosis, one 
will be confronted with a huge amount of arteriosclerotic conditions of the brain 
of various types. The term arteriosclerosis should be reserved for those con- 
ditions in which the vessels undergo primary degenerative metamorphosis, with 
fatty degeneration of the intima and media. Arteriosclerosis of the vessels of 
tire brain does occur, although it is rare, and a study of conditions under which 
arteriosclerosis of the cerebral vessels is to be found would be of special interest. 

Dr. Leo Alexander, Durham, N. C. : I am inclined to agree that the subtle 
changes which the authors described belong in the wider field of the lesions one is 
justified in calling arteriosclerosis. 

Dr. N. W. Wtnkelman, Philadelphia: I have always believed that arterio- 
sclerosis is a clinical rather than a pathologic term. Some years ago Dr. Patten 
and I studied the blood vessels in a large group of patients over 50 years of 
age. We divided the changes in the blood vessels into three main types: first, 
the atheromatous change, which corresponds to the authors’ hypertrophic 
degenerative type; second, arteriofibrosis, which corresponds to their atrophic 
degenerative type, and, third, hyalinization of the media, which occurs mainly in 
the medium-sized arteries, rather than in the large basal vessels. 

We felt that our classification was important because it gave us some idea of 
the clinical picture. We found that patients with the arteriofibrotic type live to 
be older tlian did those witli changes of the otlier two types. Many patients with 
the arteriofibrotic form showed no evidence of the usual senile mental changes that 
are so prevalent with the atlieromatous type. With the latter type there was a 
tendency to hypertension, and the patients did not live' as long as those with 
arteriofibrosis. Frequently the atheromatous type was associated with hyalinization 
of the medium blood vessels. It was among patients with tliis form of degenera- 
tion that the most severe hypertension occurred, with relatively short duration of 
life, frequently not beyond 50, and prominent mental and neurologic disturbances. 

Dr. I. M. SCHEINKER, Cincinnati: I do not agree with Dr. Benda’s criticism 
or with his statement that the slides which were presented did not demonstrate 
arteriosclerotic changes. I believe that the preparations illustrate the most char- 
acteristic feature of the early stage of cerebral arteriosclerosis. As a matter of 
fact, degeneration of the media associated with circumscribed plaque formation, 
the criterion required by Dr. Benda, is not the characteristic change in cerebral 
arteriosclerosis. The seat of degeneration of the vessel wall in the vessels of the 
brain seems to differ from that in the vessels .of other organs. Involvement of 
the media by plaque formation is exceptional in cases of cerebral arteriosclerosis, 
and therefore it cannot be considered characteristic. I agree heartily with the 
autliors that the changes demonstrated in the clastic membrane and the prolifera- 
tion of the intima are the most characteristic pathologic features of the early 
stage of cerebral arteriosclerosis. 

Dr. G. Eros, Orangeburg, N. Y.: According to present knowledge, arterio- 
sclerotic changes in the cerebral vessels are represented by a combination of 
several characteristic degenerative and productive changes in the vessel walls. 
Arteriosclerosis is a well defined clinical and pathologic entity, as Dr. Benda 
states. Hyperplasia of the intima of the cerebral blood vessels other tlian the 
arteriosclerotic type, as well as deposits of simple fat in tlie intirna and media, 
can be mistaken for cerebral arteriosclerosis only by one not familiar with the 
clinical, macroscopic and histologic manifestations of cerebral arteriosclerosis. 
We did not say that arteriosclerosis was represented in our material only by 
simple intimal hyperplasia of some cerebral arteries. On the contrary, we showed 
in our photographs the gradual development of the characteristic severe arterio- 
sclerotic change from its beginning in the elastic tissue. 
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As our present contribution to the problem of cerebral arteriosclerosis is in 
the held of histogenesis, we have illustrated the first stages of arteriosclerosis, 
with special emphasis on the beginning and the advanced changes in the elastica, 
which, in our opinion, constitute the primary factor in the development of cerebral 
arteriosclerosis. For. this reason, we have shown sections stained for elastic 
tissue which demonstrate that these changes in the elastica are generally uncom- 
plicated at the beginning. Later, they are followed by other degenerative and 
productive changes in the arterial wall characteristic of arteriosclerosis. We were 
able to follow these changes from the early to the far advanced stages because 
arteriosclerotic changes are not the same everywhere in the same brain. In some 
regions of the brain such alterations may be severe, while in others they are 
only moderate, slight or just beginning. I wish to emphasize again that the 
cerebral arteries in all our cases showed various degrees of arteriosclerotic change, 
from very early, mild alterations to far advanced ones, accompanied by pro- 
nounced parenchymatous changes and by softenings of or hemorrhages in the 
brain substance. All our cases were clinically, as well as pathologically, instances 
of pronounced cerebral arteriosclerosis, with prominent mental or neurologic 
manifestations. 

With regard to age, neither of the types described by us seems to be restricted 
to advanced age, and arteriosclerosis of both types can be observed in relatively 
j-^oung persons. We do not believe, however, that the changes in the blood 
vessels demonstrated by us could be observed in the brain of a 2 to 3 year old 
child. The terms, such as “marked alteration of the blood vessels,” which Dr. 
Benda used in his comment on the changes in the blood vessels which he has 
observed in the brains of children, do not give a clear idea of his meaning. 

Degenerative or productive changes in the elastica of the cerebral blood 
vessels, with splitting of the elastic membrane, can be detected in conditions other 
than arteriosclerosis, even in children. But these lesions cannot be mistaken for 
those of arteriosclerosis, in spite of the fact that the degenerative and prolifera- 
tive changes in the elastica are important factors in arteriosclerosis as well. 

Though it is true that the severity of cerebral arteriosclerosis is not always 
related to the severity of the arteriosclerotic changes in other regions and organs 
in the same person, we should not say that cerebral arteriosclerosis is a rare 
disease. On the contrary, because of its frequency, especially in older persons, it 
represents an important problem for the psychiatrist and neurologist. 

Dr. a. Ferraro, New York: I, too, wish to emphasize that our presentation 
was intended primarily to illustrate the early stages of cerebral arteriosclerosis. 
We were not interested in demonstrating the end result of such a condition, in 
which productive and degenerative changes may lead to partial or total occlusion 
of the blood vessels; therefore. Dr. Eros’ slides were intended to overemphasize 
our contention that the primary damage takes place in the elastic tissue. We 
could have shown dozens of slides illustrating the terminal phase of hypertrophic 
degenerative arteriosclerosis. Our conception of a primary pathologic process in 
the elastic tissue led us to distinguish two types of vascular reaction; one, in 
which primary hyperplasia of the elastic tissue dominates, and the other, in which 
primary hypoplasia and inadequacy of the elastic tissue constitute the initial 
vascular pathologic process. 

On the other hand, all the brains in our series disclosed macroscopic indications 
of cerebral arteriosclerosis in the generally accepted meaning of the term, evidence 
confirming the clinical diagnosis of psj'chosis with cerebral arteriosclerosis. Our 
studies dealt principally with early stages of the vascular pathologic process lead- 
ing to the typical macroscopic feature of arteriosclerosis. 

This paper will appear in a future issue of the Journal of Neuropathology and 
Experimental Neurology. 

Gliomatous Tumors in the Nasal Region. Dr. Edward W. Davis, Chicago. 

Glioma is rarely encountered in the nasal region but is interesting from the 
standpoint of tumor genesis. The case of a child 6 months old who had such a 
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glioma at birth, anterior to the nasal bones, is presented. The tumor was com- 
posed predominantly of glial tissue with abundant blood vessels. Similar cases 
from tlie literature are briefly noted, and theories of the origin of the glioma are 
discussed. 

This paper was published in the July 1942 issue of the Journal of Neuro- 
pathology and Experimental Neurology, page 312. 

Vascularization of Cerebral Neoplasms Studied with the Fuchsin Staining 
Method of Eros. Dr. S. Arieti, Brentwood, N. Y. 

This paper is a study by the fuchsin staining method (Eros) of the vascular 
pattern and morphologic characteristics of blood vessels in various types of 
cerebral neoplasms. Both the distribution and the morphologic characteristics of 
the vessels are considered. The vascularization of medulloepithelioma, medullo- 
blastoma, spongioblastoma multiforme, unipolar and bipolar spongioblastoma, astro- 
cytoma, oligodendroglioma and mixed gliomas was studied. 

In the medulloepithelioma the angioarchitecture consists of a fine network of 
capillaries, very thin, and particularly numerous in tljc periphery of nodular nests 
of cells. In 2 medulloblastomas a fine, irregular web of capillaries and precapil- 
laries was the' chief vascular feature. The vascular pattern of the spongioblastoma 
multiforme consists of a central area almost deprived of blood vessels and of a 
peripheral part provided with numerous blood channels, varying from large sinu- 
soids to channels of precapillary size, irregularly arranged, with beadlike defor- 
mities, looping and irregular branching. 

The idea is advanced that from their vascularization it is possible to recognize 
a progressive maturity of the gliomas in agreement with the classification of Bailey 
and Cushing. 

The importance of the abnormality of the vascular pattern in the mechanism 
of growth of the intracranial tumors and in their possible distant effects is stressed. 

Fibroblastic meningioma exhibits large blood vessels entering the capsule. In 
addition, many minor vessels and capillaries are noted in the capsule and in the 
connective tissue septums dividing the tumor into irregular nodes. These blood 
vessels provide vascularization to the inner parts of the tumor. Minor vessels 
extend into the peripheral parts, and even to the center, of the cellular nodules. 
This distribution of the vessels, which seems to provide a fairly adequate supply 
of blood to the tumor, explains the infrequency of necrosis and cyst formation in 
fibroblastic meningioma. In angioblastic meningioma arborescent structures are 
the commonest feature. In the fibroblastic meningioma the vascularization is 
mostly capsular; in angioblastic meningioma it is mostly intracapsular. 

Knowledge of the vascular pattern of these neoplasms may be useful not only 
from a morphologic point of view but in diagnostic arteriographic or histologic 
procedures. It may also contribute to a better understanding of the different 
mechanisms of growth in the various types of glioma. It is possible to recognize 
in several types of tumors a characteristic abnormal vascular pattern which under- 
goes progressive or regressive changes because of such factors as the distribution 
of its own elements, the compression exercised by them and the endarteritic 
processes. On the other hand, these changes in tlie vascular pattern may cause 
other alterations in the cellular components of the tumor. A vicious circle thus 
forms, which may lead to decay and necrosis of a great part of the neoplasm. 

Furthermore, it must be stressed that the vascular changes mentioned and the 
resulting imbalance in hydrodynamics not only act within the tumor but often 
have far reaching effects. 

Paraneoplastic engorgement of the pial vessels may result from transmission 
of the blood pressure from tlie tumor to other parts which are more susceptible to 
expansion tlian are the vessels in the relatively free subarachnoid space. However, 
one should bear in mind that in the normal tissue surrounding the tumor the 
blood vessels are often compressed by tlie contiguous neoplasm. As a matter of 
fact, fuchsin stains fail to show any structure in some parts of the paraneoplastic 
area. It is therefore possible that in many cases the dilatation of the meningeal 
blood vessels is related to the stagnation of the blood, which cannot reach non- 
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neoplastic regions that are compressed by the tumor. These considerations stress 
the importance of distant vascular alterations. Some of the neighborhood symp- 
toms observed in cerebral tumors might be ascribed to them. 

DISCUSSION 

Dr. L. Alexander, Durham, N. C. : The author has completely confirmed 
the observation of Dr. Sahs and myself in regard to this interesting problem. 

Dr. a. L. Sahs, Iowa City: Several years ago Dr. Alexander and I (Sahs, 
A. L., and Alexander, L.; Vascular Pattern of Certain Intracranial Neoplasms: 
Studies with the Benzidine Stain, Arch. Neurol. & Psychiat. 42:44 [July] 
1939) studied the vascular pattern of a group of intracranial neoplasms. I am 
gratified to know that our observations are confirmed by another staining method. 
The fuchsin stain has the advantage of being applicable to material which has 
been fixed for variable periods, while the benzidine stain must be used on rela- 
tively fresh material. With respect to the gliomas, one can say in general that 
the relative bizarreness and irregularity of the vascular pattern are a reliable 
index of the malignancy of the tumor. 

Dr. Percival Bailey, Chicago : Neither the Eros nor the Pickworth method 
demonstrates the entire vascular bed, since they are methods for staining 
erj'throcjrtes. 

Dr. N. W. Winkelman, Philadelphia: Has Dr. Arieti had the opportunity 
of studying by this method tumors which had been irradiated? I ask because 
I am interested in the action of radiation on tumors in general. Do the rays act 
directly on the tumor cells or through the medium of the blood vessels, and 
therefore the blood supply? 

Dr. S. Arieti, New York: In answer to Dr. Winkelman’s question, I did not 
have the opportunity of studying the vascularization of brain tumors which had 
been irradiated. 

In answer to Dr. Bailey’s comment, even though the Pickworth and Eros 
methods stain erythrocytes, comparative studies with vascular injections show 
the satisfactory visualization of the capillaries with the Eros method. On the 
other hand, fuchsin, which is used in the Eros method for less differentiated 
sections, stains the walls of the blood vessels also. 

This paper was published in the October 1942 issue of the Journal of Neuro- 
pathology and Experimental Medicine, page 375. 

Myoclonus Epilepsy: Clinicopathologic Report of a Case, Dr. L. Roizin 
and Dr. A. Ferraro, New York. 

A girl aged 16 years first had convulsions at the age of 14 years, after an 
appendectomy. The character of the involuntary movements which were noticed 
in the course of unconsciousness, and in its absence, pointed to a clinical diagnosis 
of mj’-oclonus epilepsy. The patient’s brother died of the same condition, and a 
sister was admitted to the Craig Colony for Epileptics at the age of 15 years 
and died a year later of' a streptococcic infection. Thus, the familial trend of 
the condition is established. 

Histopathologic study of the brain revealed a large number of nerve cells 
with characteristic cellular inclusions, resembling the bodies described by Lafora 
under the heading of “amyloid bodies.” Such inclusions were present in most 
of the cortical areas but were more numerous in the dentate nucleus and in the 
substantia nigra, the latter having practically lost its normal pigmentation. 
Several types of degenerative changes in the nerve cells were also observed in 
various areas. 

Histochemical studies were carried out in order to establish the chemical 
nature and histogenesis of these cellular inclusions. The cellular inclusions 
usually gave a positive reaction for amyloid. However, in certain limited areas 
or in individual nerve cells the reaction was either completely negative or only 
partially positive. In other cells the inclusions gave only a more or less intensely 
positive reaction for hyalin, fibrinoid or carbohydrate. 



628 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Frequently the same cellular inclusion reacts positively to tests for various 
substances, such as fibrin or hyalin, with or without amyloid. This combination 
of various substances seems to have its equivalent in the appearance of the indi- 
vidual inclusion. Each concentric stratum of the inclusion may take a different 
reaction. Each layer gives only one reaction, the whole stratum being uniformly 
positive for one or another reaction. ^ ‘ 

In view of the complex nature of the amyloid substance and of the still debated 
phase of its development, one may speculate on the relation of the variation in 
histochemical reactions to the complex chemical structure of the body and the 
correspondence of the different chemical reactions to different stages of the 
development or metabolism of the am 3 'loid substance. 

This view seems to be supported, also, by the positive reaction of some of the 
inclusions to methods meant to detect carbohydrate and protein substances, which 
may constitute a link in the formation of amyloid. 

In view of these morphologic and histochemical considerations, we believe that 
it is in the interest of precision to avoid the term amyloid bodies, and we suggest 
instead “heteroniorphic inclusions,” i. e., bodies differing in morphologic appear- 
ance or structure at different stages of formation. 

An interesting feature of this case was the presence in the frontal lobes of a 
large area of telangiectasis. This tclangiectasias, though more pronounced in the 
frontal lobe, affected scattered blood vessels in other areas, which appear dilated. 

DISCUSSIOK 

Dr. G. B. Hassin, Chicago : The cell inclusions were first described not by 
Lafora but by Bevan-Lewis in an epileptic idiot, in the second volume of Brain 
(1879). These structures are so commonly mj’oclonus epilepsy that one is tempted 
to identify them associated with myoclonic epileptiform contractions. I have seen 
them in vast numbers in a case of amaurotic family idiocy, the late infantile 
type of Jansley and Bielschowsky, of which only 6 instances have been recorded. 
The patient exhibited continuous clonic contractions of tbe eyelids and the muscles 
of the lower extremities, which did not subside even during sleep — ^veritable 
cpilepsic continua. I consider the case one of myoclonus epilepsy in view of the 
sole presence of clonic muscular contractions. The inclusions were in the form 
of amyloid bodies, which stained brilliant green with toluidine blue and brown 
with the silver method of Bielschowsky. In fact, they could be stained by any 
method except that for amyloid. The inclusions were lodged within the cytoplasm 
of the nerve cells, and the nucleus was not involved. These bodies indicate a 
metabolic disturbance, as was assumed by Lafora, and may be considered to be 
what Alzheimer called Abbau. 

Dr. Walter Freeman, Washington, D. C. : Relatively few of this kind have 
been reported, none that I know of in which so many methods have been employed, 
with such a revelation concerning the structure of these inclusion bodies and 
with presentation of so excellent an argument witli respect to their nature. The 
very fact that these bodies have a concentric arrangement seems to denote a 
process of hysteresis, similar to that observed in the precipitation of insoluble 
salts in gels; yet the lack of any crystalline structure, as observed under the 
microscope, indicates that these intracellular bodies are highly complicated chemical 
compounds, certainly more than simple salts of iron, calcium and phosphorus. 
The exact nature of these inclusion bodies is by no means clear. There is no 
reason to believe that they are virus inclusions, nor do they seem to be associated 
with actual degeneration of the cell, since the nuclear membrane and nucleolus, 
although displaced, appear relatively normal. These bodies must, however, in 
some way interfere with the proper function of the nerve cells, in view of the 
obvious deteriorating nature of the disease and the peculiar motor manifestations. 

Has Dr. Roizin any explanation for the fissured arrangement sometimes seen 
in these bodies? Has he observed them, as I have, deposited wholesale in the 
substantia nigra? Many years ago, at St. Elizabeths Hospital, Lafora described 
these inclusions, and I had the opportunity of comparing the sections in his case 
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with those in a case encountered in my own experience. The changes are so 
chai-acteristic that the diagnosis is easily established. 

Dr. L. Roizin, New York: With respect to the spheroid bodies which Bevan- 
Lewis described within the nerve cells of the cortex in a case of “epileptic idiocy,” 
one wonders whether these inclusions can be considered analogous to or identical 
with the amyloid bodies of Lafora, for in his description Bevan-Lewis expressed 
the opinion that they were granules, closely packed in the nerve cell from its 
apex to its basal extremity. In the absence of any detailed morphologic and 
chemical description, it is difficult to establish the analogy between these granules 
and the so-called amyloid bodies of Lafora. 

I have had the opportunity of studying some of the cellular inclusions asso- 
ciated with amaurotic idiocy, which in my estimation did not resemble the so-called 
amyloid bodies. They consisted rather of granules of various sizes, which stained 
particularly well with safranin and resembled the so-called safranophil bodies 
described by Dide and Bogaert. It is of interest, however, to note that Dr. Hassin 
has observed amyloid bodies in nerve cells in cases of the late infantile (Jansky- 
Bielschowsky) form of amaurotic idiocy. The case of amaurotic idiocy to which 
I referred was one of the Vogt-Spielmeyer type. 

In answer to Dr. Freeman’s inquiry, at the present stage of the investigation 
I have no explanation for the fissured arrangement which is sometimes seen in 
these bodies. In our case we observed a considerable amount of cellular inclusions 
in the substantia nigra, which was one of the areas most severely involved. 

This paper was published in full in the July 1942 issue of the Journal of 
Neuropathology and Experimental Neurology, page 297. 

Changes in the Eyes in Amaurotic Family Idiocy (Infantile Type of Tay- 
Sachs Disease) : Histopathologic Observations in a Case. Dr. G. B. 
Hassin, Chicago. 

The eyes, together with the brain and spinal cord, in a typical case of amaurotic 
family idiocy, were removed sixteen hours after death. 

The following conclusions are drawn from the study of this material : 

1. The changes in the retina and optic nerves in patients suffering from 
amaurotic family idiocy are analogous to the changes in the central nervous system 
in general. 

2. The perioptic spaces exhibit the presence of elements similar to those seen 
in the subarachnoid spaces of the brain and spinal cord. 

3. The hyperplasia of the pial septums in the optic nerves is analogous to 
that of the pia-arachnoid and is a reaction of the latter to the presence of 
abnormal products of activity of the ganglion cells discharged there by way of 
the perioptic spaces. 

4. Status spongiosus — a manifestation of severe destruction of nerve tissue — is 
a striking feature in the changes in the optic nerve associated with amaurotic 
family idiocy. 


PHILADELPHIA PSYCHIATRIC SOCIETY 

Arthur P. Noyes, M.D., President, in the Chair 
Regular Meeting, Oct. 9, 1942 

Value of Formal Psychiatric Examinations in the Criminal Court. Dr. 
S. Harvard Kaufman (by invitation). 

The history of the role of the psychiatrist in the criminal court is reviewed, 
with consideration of the various shortcomings of the relation between law and 
psychiatry. The wider use of psychiatry and sociology in the juvenile court is 
mentioned as an example of the future role of the criminal psychiatrist. The need 
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of psychiatric examination of convicted criminals is indicated by the fact that 
many persons with psychopathic problems are, unfortunately, committed to the 
penitentiary and later have to be transferred to psychiatric institutions. The 
formation of an experimental court clinic is described, and 4 case histories are 
given to demonstrate the procedure employed in this clinic. Forty-two, or 29 per 
cent, of 146 persons sentenced in the court during the time this clinic was func- 
tioning W’ere seen by the psychiatrist. 

Various psychiatric problems are discussed. The value and limitations of 
psychiatric opinion in their solution are mentioned, and the hope is expressed that, 
in spite of the comparative inflexibility of the criminal law, a greater tendency 
toward the use of orthopenology and correetional therapy with the aid of psychiatric 
examinations in the court may come about. 

Masochistic Motives in Criminal Behavior. Dr. Philip Q. Roche. 

Consideration is directed to the problem of self-thwarting trends and the “need 
of punishment” as often discerned in the behavior of criminals, especially in those 
who are parole violators and recidivists. Such self-abnegating trends and the 
attainment of punishment are reflections of “moral masochism,” and they are more 
evident in the criminal character than is ordinarily suspected. Several aspects of 
the criminal behavior pattern are discussed. 1. Basically the criminal behavior is 
infantile and has its prototj’pe in the asocial driv'es of the child. 2. The criminal 
act has a symptomatic kinship with psychoncurotic conflict, and it often represents 
a resolution of anxiety. 3. Humiliation, physical abuse and ostracism obtain for 
the criminal a masochistic gain and satisfaction similar to that which the psycho- 
neurotic person attains in functional symptoms. 4. Punishment, like symptoms, 
seldom if ever achieves a desirable modification of the character, but tends rather 
to fix the criminal in his neurotic dilemma and to prevent him from gaining access 
to his inner conflict and self-thwarting drives. The author points out that the 
criminal is rarely able to give a logical explanation for his criminal act, as if he 
were as helpless as the psychoneurotic patient, w’ho is unable to explain his 
symptoms. It is emphasized that the aim of the masochist is not suffering per se 
but the “forgetting of one’s self,” the obliterating of one’s self in the effort to 
overcome the conflict engendered by one’s helplessness, powerlessness arid insig- 
nificance. 

This paper was published in full in the Journal of Criminal Psychopathology 
(4:431-444 [Jan.] 1943). 

DISCUSSION ON PAl’ERS BY DR. ROCHE AND DR. KAUFMAN 

Dr. Hugo Staub, New York: For many years I have been interested in the 
relationship of the psychiatrist to the court, and I am pleased that much progress 
toward utilization of the psychiatrist in court proceedings has been made during 
the past fifty years. There has always been mild antagonism between the officers 
of the court and the psychiatrists, because the two groups speak different languages. 
The court is interested primarily in punishing the criminal in order to prevent 
future crimes, while the psychiatrist is interested in the criminal as a clinical 
problem. This has led to considerable disagreement, which is most noticeable . 
when the psychiatrist is called on to discuss the criminal’s responsibility. 

The increased interest in motives, drives and emotional conflicts that has arisen 
from Freud’s pioneer work in dynamic psychology has been of considerable value 
in clarifying the position of the psychiatrist. 

I believe that much criminal behavior arises out of immature emotional 
reactions. The prison environment can be of little benefit in the treatment of 
such immaturity; as a matter of fact, it tends to increase the immaturity and 
dependence of the criminal by providing him with many of his basic physical 
needs. It appears, then, that the immature criminal should be placed in an 
environment in which he can grow up emotionally, and that in this respect the 
prison is quite useless. 
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Dr. David Abrahamsen, Kew Gardens, N. Y. ; It is important that society 
be educated to recognize normal and abnormal behavior. In general, it is easy to 
see that a man is psychotic, but it is difficult, for instance, to find the hidden traits 
behind the cool mask of the criminal. Psychiatrists have long been trying to get 
an insight into this problem, but much is left to be learned. All investigations, 
including such studies as Dr. Kaufman’s, deserve attention. The ideal that all 
offenders be given a psychiatric examination is to be striven for. Under the 
present system this is impossible. However, there are two types of offenders, 
sex offenders and murderers, for whom a psychiatric examination before the 
court is of paramount importance. In Norway all such offenders are examined 
as a rule before they come to court. 

Examination in court, might make possible, in addition more adequate indi- 
vidualization, proper placement of the offender. Since much crime is a result of 
immaturity, all criminals of immature type would, therefore, by proper classifica- 
tion be placed and educated in more suitable surroundings than the prisons. Even 
here it might be possible to provide education by psychiatrists and psychologists. 
For all these reasons, thorough examination of the offenders and greater collabora- 
tion with the court before trial would accomplish better results. 

It maj' be that Dr. Roche is right in his assumption of the role of masochistic 
traits in criminal behavior, but it is difficult to understand how this can be in 
keeping with knowledge that masochistic and sadistic traits go hand in hand. 
True, in many cases the offender shows predominantly either sadistic or masochistic 
traits, but when sadistic and apparently less pronounced masochistic traits are 
present, or vice versa, one would in all probability find an interplay of the two 
components. 

Dr. Joseph C. Yaskin : Although I am not a student of criminology, some 
challenging statements made this evening were of interest to me as a neuro- 
psychiatrist. As I understand it. Dr. Roche believes that masochism plays an 
important role in the psychopathologic makeup of the criminal. Dr. Staub 
believes that the psychologic condition of the criminal does not differ materially 
from that of the psychotic, the psychoneurotic or the neurotic person. From my 
study of the psychoneuroses, I have felt that masochism is a mechanism one can 
frequently detect in psychopathologic conditions of many kinds. I, therefore, feel 
that masochism does not play any primary role in the psychopathology of the 
criminal. 

I do not believe that sordid early environment is an important factor in the 
development of the criminal. I cannot escape the observation that many such 
persons have certain fundamental difficulties, perhaps inherited. It reminds me of 
a child whom I began to observe at the age of 10 or 11 years and who, 
at the age of about 14, committed some pretty serious crimes. This boy exhibited 
no anxiety regarding his misdoings. I cannot forget the statement that Judge 
Brown made, “I am going to give this fellow a break, but no matter what you 
or I, or any one else, does for this boy, he is headed for the penitentiary.” In this 
connection. Dr. Gerald H. J. Pearson, who studied the aggressive child, came to 
the conclusion that such a child exhibits trends not ascribable to environmental 
factors and not correctable by any form of therapy. 

One cannot escape the conclusion that in handling criminals society needs 
jails, just as it needs hospitals for the mentally ill. I do not mean to convey the 
idea that the jail offers the best mode of treating the criminal, any more than I 
believe that the hospital for the mentally ill is the best place for treating the 
insane. 

Dr. Daniel J. McCarthy : With respect to the relation of the psychiatrist to 
the court, the rigid attitude of the court and the test of the sane and the insane 
grew out of the laxity of the English courts, where so many persons were being 
relieved of the responsibility of their crimes. In the McNaughton case, the test 
of right and wrong was brought out, and agreement on the matter of mental 
disorder was reached. I agree that the whole problem of crime is one of mental 
disorder; certainly, it is a matter for the psychiatrist. For eighteen or twenty 
years Judge Brown, of the Municipal Court of Philadelphia, has worked on the 
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assumption that it is better that the judge have a complete knowledge of the 
case before, and not after, the trial, and that the offender be stamped as a criminal ' 
before that time. On the bench one wonders about the family history, the physical 
health, the environment and the psychologic factors. If the history is before the 
judge, he can ask intelligent questions of the attorney and is equipped with better 
knowledge before the matter goes to the jury. It is not sufficient to have the 
psychiatrist’s judgment after the case is tried, and before the man is sentenced; 
the study should be made before the case is tried. 

To go back to Dr. Roche’s belief that one might solve the crime situation by 
educational and psychiatric means, one has only to sit in the court day after day 
to learn that some criminals are real criminals and that criminality is inherent 
in their protoplasm. But no generalized rules may be laid down; every case is 
different, just as is every case the physician studies in his office. 

Dr. Samuel Leopold: The need of psychiatric examination in cases in the 
criminal court needs no argument. I am glad progress is now being made in this 
respect. Dr. McCarthy has so well expressed the views of the members on the 
subject that it is not necessary to repeat them. 

The stress that Dr. Roche places on the masochistic motives in criminal 
behavior seems exaggerated. The average criminal is a practical man, in contact 
with mundane things, so that his feeling of guilt and need for expiation are, to 
say the least, very limited. I can sec that there might be an occasional compulsive 
state with which masochistic behavior might be tied, but it is rare. 

Judge Charles L. Brown; Dr, McCarthy has overemphasized what my 
associates and I have been doing for a number of years. We do become familiar 
with the mental, physical and environmental conditions of children and adults who 
come into the social branches of our court. I have received many ideas from 
eminent physicians. At the time of the establishment of the Medical Advisory 
Board, Dr. Charles Penrose, the chairman, said to me: “Judge, I think you are 
doing a fine piece of work, but what of the physical and mental condition of those 
charged with crime and other offenses against the law? You do not know the 
first thing about the criminal that comes before the court. It is not possible to 
make an investigation of the environmental, physical or mental status prior to 
the trial. I suggest that, if at all possible, sentence be postponed until you can 
make such an investigation and submit your report to the judge as a guide in the 
passing of judgment.’’ This we have been doing since 1917. Of course, I do 
not think one should become too tender about the punishment of crime. Society 
ought to be protected, and one should not be too morbidly interested in a man 
who is judged antisocial. Particularlj^ society should be better protected against 
the feebleminded delinquent. 

Judge Gerald F. Flood: The court has used psychiatric assistance in a 
number of cases, I believe not more than 40 out of 100, and a great deal of good 
has come from the material. Quarter Sessions Court does not have such a service, 
but I believe that all agree that it should. At present, when my colleagues and I 
encounter a case of sex offense we are confused; we know little about the back- 
ground and usually have to defer sentence until a psychiatric examination is com- 
pleted. Usually the report is returned to us in a week, and in the meantime we 
have forgotten a great deal about the offense and the atmosphere of the court- 
room while the trial was going on. The psychiatric examination is important, 
but I believe there is something much more important that has not been worked 
out in Philadelphia — the' differentiation of institutions to which the offender is 
sent after judgment has been passed on him. 

Dr. Philip Q. Roche; At the outset, I should like to say that it is my 
intention to convey the idea that masochistic motives are more often the basis 
of criminal behavior than is commonly suspected. One is accustomed to think of 
crime in terms of criminal aggression against the public, and is less mindful of 
the criminal’s aggression against himself. When one examines a criminal in terms 
of irrational aggression against himself, one comes closer not only to a more 
satisfactory explanation of the criminal act but to a more effective approach to 
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treatment. In experience, I have rarely obtained an adequate explanation 
for his act from the criminal or from the court, which has imposed punishment 
on him. 

In this presentation I also emphasized that physical symptoms and misbehavior 
are but variants of the same psychic conflict, and I pointed out that their 
development at the threshold of parole, and often during parole, is not accidental, 
but is a meaningful indication that punishment alone has not secured the criminal 
against himself. 

I surmise from comments of the discussants that my thesis proposes a soft 
indulgence of the criminal. I propose the abolition of punishment as a measured 
revenge of the community, but I do not propose that one do away with segrega- 
tion. I propose that the criminal be segregated in the same way that the psychotic 
patient is removed from free circulation in the community, and that his restoration 
to the community be dependent not on a predetermined sentence but on nonjudicial 
agencies trained in the task of human appraisal and in the technic assisting the 
criminal (or the psychotic patient) in modifying his impulses to those within 
community tolerance. In this proposal I visualize the principle of the indeterminate 
sentence of the criminal as it is now, in effect, applied to the insane. In either 
case, one is dealing with a socially disabled person. 


CHICAGO NEUROLOGICAL SOCIETY 

Arthur Weil, M.D., President, in the Chair 
Regular Meeting, Oct. 15, 1942 

Function of the Frontal Lobe in Man: The Dynamic Visual Field. Dr. 

Ward C. Halstead (by invitation). 

The dynamic visual field is that portion of the peripheral retinal field that can 
be made to yield a threshold visual impression at the same instant that a form 
discrimination is being made in the region of the fovea. It has been mapped in 
normal persons and in carefully selected patients with unilateral neurosurgical 
lesions who had no ocular disturbance. For exposures as brief as twenty to fifty 
milliseconds, the dynamic visual field was found to correspond with the campimetric 
field in normal subjects and in patients with a large lesion of the occipital or the 
parietal lobe with associated hemianopia. Patients with a lesion of the frontal lobe 
had normally full campimetric visual fields. Their dynamic visual fields were 
greatly constricted, however, even when exposures as long as eighty to one 
hundred milliseconds were employed. For certain types of visual situations it 
may thus be demonstrated that the patient with a unilateral lesion of the frontal 
lobe has available quantitatively less visual field than the patient with homonymous 
hemianopia associated with a large cerebral lesion posterior to the frontal lobe. 
The relation of this observation to results which other investigators and I have 
previously reported is discussed. 

This paper will be published in full. 

Encephalitis Associated with Herpes Zoster: Report of a Case. Dr. 

Sigmund Krumholz and Dr. Joseph A. Luhan. 

A housewife, aged 58, who had previously been in fairly good health, on 
March 7, 1942 had severe pain in a cutaneous area, which two days later became 
•the seat of a herpetic rash, limited to the lower part of the face, the neck and 
the upper part of the shoulder and chest on the left side. A dermatologist con- 
firmed the diagnosis of herpes zoster. On April 5 the patient became mentally 
disturbed. Examination the next day by one of us (S. K.) revealed she was 
moaning and restless and out of contact with the environment. The rectal tern- 
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perature was 104.6 F. The lungs were clear. Although the patient was unco- 
operative, there was no detectable paralysis of the cranial nerves or the extremities, 
and the reflexes were normal. The spinal fluid contained 40 cells per cubic 
millimeter, 80 per cent of which were lymphocytes. The patient continued to be 
noisy and restless ; and her illness ran a febrile course, and she died on April 15, 
ten days after onset of the cerebral symptoms and thirty-nine days after appear- 
ance of the zoster. 

Necropsy revealed fibrinous pericardosis, advanced parenchymatous degenera- 
tion of the myocardium and terminal bronchopneumonia. The spinal cord was 
not obtained. Histologic examination of sections from many blocks taken from 
all lobes of the brain, the subcortical white matter, the basal ganglia and the 
hypothalamus revealed only edema and hyperemia of the leptomeninges, “acute 
ganglion cell disease” in the cortex and a hydropic state of the white matter 
underlying the ependymal surfaces. The medulla, on the other hand, was the 
seat of a meningoencephalitis, characterized by (1) mild perivascular infiltrations 
of lymphocytes; (2) tissue foci, principally in the olives and the cuneate nuclei, 
containing numerous microglial polyblasts and showing cellular destruction, 
neuronophagia and capillary hyperplasia, and (3) small patches of demyelination, 
especially near one of the olives. The pons and midbrain appeared to be 
uninvolved. 

The noninfiltrative changes in the cerebral cortex were like those seen in 
some cases of toxic encephalopathy. The question arises whether botli these 
lesions and the anatomically demonstrable nonsuppurative meningoencephalitis 
inferior were produced by one etiologic agent, the virus of herpes zoster. It is 
reasonable to ascribe the medullary process to upward dissemination of this 
neurotropic virus, which entered the cord through tlie cervical roots. 

DISCUSSION 

Dr. Maurice Oppenheim ; When I saw the patient on April 5, in consultation 
with Dr. C. R. Windmueller, she was in bed, screaming, extremely restless and 
in poor general condition in consequence of lack of food. There was no doubt 
of the diagnosis of herpes zoster, which had been made by Dr. Windmueller. 
On the left side, the lower part of the face, the neck, the pectoral area and the 
scapular region were involved. Red spots of various sizes, with scars in the 
center, were noted. Six weeks after onset the herpetic blisters were entirely 
gone, and the subsequent nervous condition developed. Dr. Krumholz agreed 
with me in suspecting encephalitis. 

Three forms of herpes are encountered in dermatologic practice, of which two 
are often confused, herpes zoster and herpes simple.x zosteriformis ; herpes simple.x 
is easily diagnosed. It would not be surprising to see encephalitis follow herpes 
simplex, for experimental studies on rabbits have shown that the infection can 
spread to the cord and involve the brain. Herpes zoster is clinically different; 
many crops of blisters follow in succession. The infection cannot be transmitted 
to the cornea of the rabbit. Herpes zoster also shows complement fixation with 
the serum from blisters of herpes zoster, whereas herpes simplex does not. 
Patients with herpes zoster usually recover, without relapse; with herpes simplex 
they frequently succumb. 

Many authorities believe that herpes zoster and chickenpox are caused by the 
same virus, and it is known that chickenpo.x is sometimes followed by encephalitis. 
Bokai was the first to advocate tins hypothesis. Osier reported cases in which 
encephalitis followed the final stage of chickenpox. 

In the present case the herpes zoster had entirely disappeared six weeks after 
the onset. My first impression was that the nervous complication was meningitis, 
which sometimes follows herpes zoster. This case could be used as proof of 
Bokai’s theory that chickenpox and herpes zoster are caused by the same virus— 
the herpetic virus, a neurotropic and dermotropic virus. It_ may be, therefore, 
that herpes zoster in some cases is followed by encephalitis. _ In postvaccinal 
encephalitis, which may occur nine to thirteen days after vaccination, the virus 
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"belongs to the same group. This case was a typical instance of herpes zoster, 
and not of herpes simplex zosteriformis. 

Dr. George B. Hassin ; I do not understand how one can associate herpes 
Foster with cerebral manifestations that occurred weeks after its onset. In 
Thalheimer’s case the interval was six weeks, and for this reason some authorities 
do not consider it one of herpetic encephalitis. In the case I observed the cerebral 
symptoms were coexistent with a herpetic eruption along the distribution of the 
fifth nerve, and it has been shown experimentally that encephalitis can be produced 
in rabbits by inoculation of the cornea with herpes virus. Kuttner, among others, 
emphasized that herpetic encephalitis differs from the epidemic type and that it is 
a specific morbid entitJ^ 

The changes in the brain in this case have been well demonstrated by the 
authors, who stressed the edema and perivascular infiltrations in the medulla. 
The edema was much more pronounced than the infiltrations and generally, in 
my opinion, is of greater importance than changes in the vessels or the ganglion 
cells. The condition of the subependymal areas and the ventricles themselves 
should be of great interest. 

Eonism; Report of a Case with Additional Outstanding Psychopathic 

Features. Dr. D. M. Olkon and Dr. Irene Case Sherman. 

An outstanding type of sexual abnormality is eonism, or transvestitism. Many 
investigators have reported cases from history, from police records and from 
their own experience, under a variety of designations referring to the same type 
of personality anlage. Hirschfeld’s Transvestite was classified by Krafft-Ebing 
under fetischistic personality; Havelock Ellis called it eonism, or sexesthetic 
inversion; by still others it has been included under the caption of homosexuality. 
All designations, however, are for the purpose of establishing the psychopathic 
trends in the personality. 

A case history was given; the patient’s autobiography was read, and photo- 
graphs were presented. Physically, the patient was normal. His hair was long, 
well groomed and carefully waved. He had worn women’s clothes constantly for 
the past seven years. By psychologic tests his intelligence rating was average. 
The results of the Rorschach test were indicative of a compulsive neurotic per- 
sonality. He asked to be certified as a female and to have his genitalia amputated 
and a vagina constructed. 

Terminology in this case was inadequate, as the patient presented many more 
abnormalities of personalitj’’ than his dressing in female attire. The novelty was 
the multiplicity of tendencies, which could hardly be understood from orthodox 
designation. He showed evidences of narcissism, exhibitionism, fetishism, maso- 
chism and sadism and was homosexual. In addition, he was lacking in emotional 
response and social sensitiveness, showed no evidence of shame or regard for 
the opinions of others and rejected all responsibility to society. This dichotomy 
of trends makes the case unique. 

DISCUSSION 

Dr. Irene Case Sherman ; The patient was referred to the Illinois Neuro- 
psychiatric Institute from the draft board, after having appeared there in female 
attire. Physically he was normal in every respect. The phj^sical proportions 
were of masculine type; the chest was broad, and the hips were narrow. The 
distribution of hair, also, was masculine. The skin was rather fine, but the hair 
was of average coarseness. He was proud of his hair and had it waved at a 
beauty salon regularly. The only occasions on which he had been arrested were 
when he was in male attire, because the long hair attracted attention. When he 
went about dressed as a woman, he was not apprehended. 

His intelligence quotient was 95. In the Rorschach test he gave an unusually 
large number of responses, with a great deal of detail. This was interpreted as 
indicative of a compulsive-obsessive type of neurotic personality. There is little 
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information on the dynamics of his behavior. Assays of the hormonal content of 
the urine were not made, because he refused to cooperate. He is much opposed, 
to any glandular treatment because he wishes to be a woman. 

Dr. Ralph Hamill: I do not know about diving into this whirlpool of the 
question of boy and girl. I have worked about twenty years with children, and 
I have concluded that every boy wants to be a girl and every girl a boy. As I 
interpret it, the boy takes with a great deal of chagrin the fact that the girl caa 
have a baby and he cannot. Every boy up to the age of 12 whom I have beea 
able to get close to has told me he wanted to be a girl ; that is so surprising that 
I have tried to think of some reason. As far as I can e.'cplain it, every boy 
gets used to his own body and wants to know about another kind of body, and. 
the only way to know it is to be it. Consequently^ the matter gets out of the 
realm of sex and into that of Icnowlcdge. 

It seems to me that this fact is an important clement in mental disease. After 
puberty, when function has determined what structure has only suggested up to- 
that time, the idea is ridiculous. But the ridiculous is the crazy, an important 
clement in schizophrenia. It is a remnant of childhood that gets into the sexual 
field, and one can ridicule it; nevertheless, it is important. 



Book Reviews 


X-ectures on Conditioned Reflexes: Volume II. Conditioned Reflexes and 
Psychiatry. By Ivan Petrovitch Pavlov. Translated and edited by W. 
Horsley Gantt, M.D.', B.Sc. Price §4. Pp. 199. New York: International 
Publishers, 1941. 

This volume contains all of Pavlov’s lectures on conditioned reflexes from 
1928 to his death in 1936. With volume I (1903 to 1928) the English reader has 
a complete collection of Pavlov’s lectures on this subject. Gantt has done the 
difficult task of translation with credit. Moreover, he has written a twenty-eight 
page introduction, in which he discusses the history of Pavlov’s research and gives 
a critical evaluation of his work. Best of all is the appreciation of the man him- 
self, in the section entitled “Closing Years.” Here one senses what a really 
great figure Pavlov was — his energj% his enthusiasm and his ability to plan. In 
1935 he told the International Congress in Moscow : “I am an experimenter from 
liead to foot. My whole life has consisted of experiments.” And in 1936, in a 
letter to young' scientists, he insisted on the importance of systematic planning; 
■“From the very beginning of your work, train yourselves to be strictly systematic 
in amassing knowledge.” 

The main body of the book is composed of fifteen lectures on conditioned 
reflexes or the application of the principles of conditioning to psychiatry and 
psychology. The best of the lectures are those dealing with his own physiologic 
work, summaries that bring out his discoveries and principles, such as chapter 
XLIII, “A Brief Outline of the Higher Nervous Activity,” and chapter XLIV, 
“Contributions to the Physiology and Pathology of the Higher Nervous Activity,” 
and his own story of the investigations and concepts in chapter LVII, “The Con- 
ditioned Reflex,” written in 1935. These are important contributions from a 
great man that should be in every library of neuropsychiatry. 

Pavlov is at his worst when he speaks of the clinical field. As Gantt says 
in the translator’s preface, “It is not the fortune of many to explore a fresh field 
-of inquiry after the age of seventy-five.” In this he tells of his explorations 
into the domain of psychiatry — perhaps it was a misfortune. Although he is 
tentative in his writing, as in chapter XLII, “Trial Excursion of a Physiologist 
in the Field of Psychiatry,” he sometimes makes bold statements on what to a 
clinician would seem like inadequate evidence. For instance, “studying the afore- 
mentioned schizophrenic symptoms, I came to the conclusion that they are the 
expression of a chronic hypnotic state.” Witli somewhat more reason he connects 
■hysteria with hypnosis (chapter LII). In chapter L'V, “An Attempt at a Physio- 
logical Interpretation of Obsessions and of Paranoia,” he shows that he has read 
extensively on paranoia and describes some cases, admitting frankly that he is no 
clinician. He wishes merely to bring out that “psychiatrists in their respective 
domains, will inevitably have to reckon with the following fundamental patho- 
physiological fact: the complete isolation of functionally pathological (at the 
aetiological moment) points of the cortex, the pathological inertness of the 
excitatory process, and the ultra-paradoxical phase.” To accept this point of 
view at all one must believe that brains may be “strong” or "weak” (neither of 
these terms is sufficiently defined) and that the cortex is made up of a mosaic of 
interrelated excitatory and inhibitory points. 
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Mental Health in College. By Clements C. Fry, M.D., with the collaboratioiT 
of_ Edna G. Rostow. Price, $2. Pp. 365. New York : Commonwealth Fund, 
Division of Publications, 1942. 

This book is a useful effort directed toward altering of the policy of the more 
backward institutions of. higher education the student' health services of which do 
not yet include those of a psychiatrist. It should prove helpful to the college 
dean, the bewildered parents of an errant college youth, the teacher who wonders 
why sorne^ students may fall far short of the promise given, the psychiatrist 
interested in adolescents or the campus physician who finds no clue to trouble- 
some symptoms. 

Dr. Fry has been associated with Yale University in the capacity of psy- 
chiatrist since 1926. The material of the book draws on the case histories of 
1,257 students seen by the student health service during the ten years prior to 1942. 

Approximately half the volume is concerned with problems of personality 
growth, divided into two chapters, the first dealing with problems of family rela- 
tionships and the second with sexual growth, behavior and attitudes. College 
students, however, are a special group of adolescents, subjected to the peculiar 
strains of the university, with its characteristic organization, traditions and mores. 
In his dealing with problems of this order, the object of the psychiatrist is in 
a general sense an educational one, for he is interested in furthering the growth 
of the student’s character. 

Another portion of the book concerns itself briefly with reactions to the under- 
graduate environment. It deals with a description of the complexities of organiza- 
tion of Yale’s various schools, the college plan and tlie social significance of 
fraternities, senior societies and honor societies. Scholastic adjustment and social 
adjustment are dealt with at greater length, and, as always, principles are illus- 
trated admirably with case histories. To know that many maladjustments are 
inevitable when any group of persons tries to adjust to a new environment should 
serve as incitement to discovery of personality difficulties among students as 
early as possible in order that the psychiatrist may assist individual students to 
achieve a satisfactory adjustment and thereby increase their efficiency and the 
productivity of tlieir college experience. 

The last section of this volume deals with the problems found in the graduate 
and professional schools. Dr. Fry speaks deprecatingly, in small print, of the 
therapeutic effects of psychoanalysis seen in a small group of students, and wist- 
fully, in larger print, of the peculiar resistance of medical students to psychiatry. 
The author is deeply appreciative of Dr. Adolf Meyer’s influence in the develop- 
ment of his psychobiologic approach to these problems of mental hygiene. 

The book is recommended for college physicians. 

Love Against Hate. By Karl Menninger, M.D., with the collaboration of 
Jeanetta Lyle Menninger. Price §3.50. Pp. 311. New York; Harcourt, 
Brace and Co., Inc., 1942. 

In the introduction Menninger states tliat he deliberately chose to write this 
book for any intelligent person, professional or nonprofessional, rather than for 
the specialist. He states, however, that the substance of his book is what he 
teaches his students and discusses with his colleagues. In my opinion, the book 
is readable, the style is polished and the content is of value not only to the lay 
public but to professional persons, including other psychiatrists. The purpose of 
the book is to show the resources which one has at one’s command to favor the 
life (love) instinct and to oppose the death (hate) instinct. In the first four 
chapters the author describes the frustrations of the child, the frustrations of 
women and the deprecation of femininity. The chapter dealing with frustrations 
of the child is well presented and contains material widely accepted by the 
psychiatric profession. In the chapter on frustrations of women, Menninger 
points out that women frustrate their children because they themselves have been 
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frustrated by civilization in general, and by men in particular, by means of 
political, economic and legal codes which keep them in abeyance. They are 
frustrated frequently in their sexual life and are often deprived of the experience 
of pregnancy and childbirth. In a subsequent chapter, the author points out 
ways in which a woman identifies herself with the male aggressor and then 
depreciates her own femininity. 

In the second half of the book the author suggests five solutions for these 
problems, namely : work, play, faith, hope and love. Each of these five topics is 
described at some length in the individual chapters. Work is described as being 
of the greatest importance as a method of absorbing the aggressive energies of 
mankind in a useful direction, and the author points out ways in which work can 
be pleasurable. He emphasizes the need of vocational education and the failure 
of most psychiatrists and analysts to support these aims. In the chapter devoted 
to play, he describes various play technics used with children and adults with 
mental disorders and illustrates recreational outlets for normal persons in card 
playing, dancing, art, music, etc. 

The book contains many short but valuable case histories and has an adequate 
bibliography. In my opinion, the book is to be highly recommended. 

Our Age of Unreason. By Franz Alexander, M.D. Price §3. Pp. 341. New 
York: J. B. Lippincott Company, 1942. 

This book is an attempt by a psychoanalyst to understand and explain the 
chaos of the present day world. 

The volume is divided into three sections, entitled “Reason to Unreason,” 
“The Fundamentals of Human Behavior” and “From Unreason to Reason.” There 
is a 130 page survey of the world’s history, particularly that of Germany, as well 
as a brief survey of the philosophies and psychologies of the various countries 
at war. These summaries are superficial. At one point the author emphasizes 
the need for psychoanalysts who are physiologists, historians, anthropologists 
and sociologists and who will apply psychoanalysis to the study of biologic and 
social processes. Any one entitled to consider himself a specialist in such 
a wide field of interest would be a rare person. The need for such persons 
is real. 

It must, however, be noted that the book is a sincere attempt to approach 
the problem of world chaos from a new viewpoint in order to explain the irrational 
behavior of the world. The author relates the nationalistic irrational behavior of 
some countries to the unconscious aggressions which are never expressed in a 
totalitarian state. He indicates that in the development of Germany there was a 
rapid change from a feudal to a modern industrialized national state, all in a his- 
torically brief period. This led to a paternalistic attitude, which suppressed all 
hostile impulses in the individual. These impulses, in turn, were directed out- 
wardly against other countries. In a democracy, with its slower development 
and freer play of emotions, there is less inner tension in the individual, and 
therefore less need for destruction of a neighboring country. For the layman, 
the book offers a different interpretation of the present day world situation. 
For the student of neurology and psychiatry, it is a superficial study. 

Introduction to the Psychoanalytic Theory of the Libido. By Richard 
Sterba. Nervous and Mental Disease Monograph Series, No. 68. Price S2. 
Pp. 81. New York: Nervous and Mental Disease Publishing Company, 1942. 

The author feels that psychoanalysis faces • a real danger, for he sees in the 
“culturalist school” a disregard of the libido theory, which he considers one of 
the basic concepts in freudian psychoanalysis. It is with this thought in mind 
that the book is written as a “timely recapitulation” of Freud’s observations con- 
cerning the instincts. It appears to us that this book has a raison d’etre more 
plausible than as a defense against attacks on the libido theory. For one who has 
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read the basic material on instinct and libido, there is nothing new in this book. 
However, for the beginner who would like some more continuous presentation of 
the libido theory than he would get if he went to the sources, this book serves 
a useful purpose. One would get the impression from the preface that the author 
planned to take up the cudgels in defense of the libido theory, but one finds no 
pro and con presentations in this book, and other theories and viewpoints are not 
discussed. 

The author presents in a simple and clear style the freudian concepts of 
instincts, with special attention to the sexual instinct. He discusses the various 
well known phases of development of the libido, utilizing Abraham’s modifications. 

, In addition, there are chapters on narcissism, the viscissitudes of the instincts 
and, finally, the repetition compulsion and the death instinct. All of this is 
presented in a readable and simple fashion. The book would have benefited con- 
siderably by having a good bibliography. ♦ 
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Progressive muscular dystrophy is generally regarded as a “hereditary disease” 
because patients with this condition frequently give a history of other members 
of the family who have been similarly affected. Numerous families have been 
reported in which the disease has appeared in different generations, but the genea- 
logic studies thus far have been too few and incomplete. In consequence, the 
mechanism of the hereditary transmission of progressive muscular dystrophy is still 
imperfectly understood. The difficulties usually encountered in obtaining data on 
heredity in human beings are considerably increased in the case of progressive 
muscnI'X 'dystrophy. Unlike conditions, such as hemophilia and color blindness, 
which can always be demonstrated early in life in affected persons and of which 
the mode of hereditary transmission is well understood, progressive muscular 
dystrophy need not manifest itself until later in life. Therefore, members of the 
family who are without symptoms cannot be considered free from the disease until 
they have passed an age at which the development of the disease would appear 
improbable. Moreover, patients in whom symptoms of progressive muscular dys- 
trophy develop before the third decade usually have no descendants. 

In the present state of knowledge, the publication of factual information is 
important. The elucidation of the problem will be possible only when a sufficient 
number of “d3'-strophy families” have been followed through several generations, 
or when large aumbers of less complete family trees have been studied. It is for 
this reason that the present data are reported. 

material and methods 

During the past twelve years a large number of patients with progressive muscular 
dystrophy were examined. For 86 of these all available information regarding the hereditar,v 
transrnission of the disease was obtained. These patients were members of 75 different families, 
in which 39 additional members were affected with the disease — a total of 125 persons on 
whom data regarding the heredity of muscular dystrophy were ascertained. In all instances 
in which it was possible other members of these families were examined for evidence of the 
disease. The importance of examining other members of affected families was emphasized 
on a few occasions when relatives alleged to have progressive muscular dystrophy were found 
instead to have some unrelated condition. Practically all of the 86 patients who were e.xamined 
were followed at regular intervals over long periods. In addition, metabolic studies were 
made on many of these patients at frequent intervals over periods of several years. All the 
information available on the remaining 39 patients, Avho were not examined by us, was obtained. 
Alany of these patients had been examined in other hospitals or had been seen b,v other 
phisicians, and in these instances full reports were requested. 

This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc. 

From the Departments of l^Iedicine and Psychiatry. Cornell University Aledical College 
the Russell Sage Institute of Pathology', and the New York Hospital. ° 
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OBSERVATIONS AND COMMENT 

Incidence of Positive Familial History . — The data are shown in the table. Of 
the 86 patients who were examined, 35 per cent gave a history of at least 1 other 
member of the family with the disease, and 54 per cent of the total series of 125 
patients, which included all the affected members of the families investigated, gave 
a positive familial history of the disease. In 27 per cent of the 75 families investi- 
gated 2 or more members had muscular dystrophy; in each of the remaining 73 
per cent of the families only 1 member was known to have had the disease. 

These observations agree, on the whole, with those of other investigators. In 
only 14 of the 44 cases of pseudohypertrophic muscular dystrophy described by 
Gowers ^ did the patients come of families without muscular disease ; the remain- 
ing 30 cases (68 per cent) were distributed among 10 families. Gowers found data 
on 176 additional cases in the literature, and of the total of 220 cases, 102 were 
without familial occurrence and 118 (53.6 per cent) were distributed among 39 
families. Poore - i-eported 1 case and analyzed 85 cases in the literature. In 43 
(50 per cent) of the total of 86 cases a positive familial history was obtained. 


Data on Inhcrilaucc of Progressive Muscular Dystrophy in One Hundred and 

Tzvcnly-Fivc Persons 




Familial History 


Sex Incidence 

Patients • 

Xumber 

Posi- 

tive, 

C* 

TO 

Xcca- 

tlve, 

% 

Males 

Females 

Ratio 

Malcs:Females 

Examination 

85 

35 

05 

07 

10 

3.5:1 

Data from examination and history 

125 

34 

40 

04 

31 

3:1 

Heredity by simple sex-llnkcd recessive factor t... 

20 

. , 

, , 

20 

0 


Heredity by dominant factor 

Heredity of undetermined typo, Includlnp "spo- 

14 



7 

7 

l:l 

radlc” occurrence and lineal Inheritance 

65 



01 

24 

2.5:1 

Lineal Inheritance 

27 



14 

13 

1:1 


* Tho pntiente were members of 75 dlRcrent families; In 73 per c4nt of these families there was onlr 
1 person with the disease, and In the remainlne 27 per cent at least 2 persons were affected 

t The muscular dystrophy appeared In the males but was transmitted by apparently healthy females. 


Familial incidence was found in 42 per cent of the 36 cases described by Hurwitz.® 
Sjovall^ stated that of 157 cases, 63 were isolated, giving a familial incidence of 
60 per cent. 

Sex Incidence. — There were 67 males and 19 females in the group of 86 patients 
who were examined. The ratio of males to females in this group was 3.5 : 1. Of 
the total series of 125 patients, 94 were males and 31 were females, a ratio of 3: 1. 

The sex ratio observed in this series was similar to that in most series pre- 
viously reported. Weitz,® in a compilation of 639 cases from the literature, found 
that males were affected two and nine-tenths times as often as females. These 

1. Gowers, W. R. : Pseudo-Hypertrophic Muscular Paralysis : A Clinical Lecture, London, 
J. & A. Churchill, 1879. 

2. Poore, C. T. : Pseudo-Hypertrophic Muscular Paralysis, with an Analysis of Cases, 
New York M. j! 21:569, 1875. 

3. Hurwitz, S, : Primary Myopathies: Report of Thirty-Six Cases and Review of the 
Literature, Arch. Neurol. & Psychiat. 36:1294 (Dec.) 1936. 

4. Sjovall, B. : Dystrophia musculorum progressiva: Eine Erblichkeitsmedizinische und 
klinische Studie, Acta psychiat. et neurol. (supp.) 10 : 1, 1936. 

5. Weitz, W. : Ueber die Vererbung bei der Muskeldystrophie, Deutsche Ztschr. f. Nervenh. 
72:143, 1921.’ 
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cases represented various clinical types of muscular dystrophy. In the series 
reported by Funsten ° there were 25 males and 5 females. Grothaus ’’ studied 
30 patients with progressive muscular d 3 ’’Strophy in the surgical clinic at Freiburg, 
Germany, and, by means of church records, investigated the family trees of the 
patients back to 1800. The records went back 9 generations, but only those of 
5 generations were used. In the series of patients examined by Grothaus the 
ratio of males to females was 3 :1, but for the 257 persons for whom data were 
obtained from the family records the ratio was 1.4; 1. Sjovall^ found a ratio of 
males to females of 2 : 1 in the records of 157 patients who had been seen in several 



5 6 


Fig. 1. — Patient 5, aged 8 years, had a moderately advanced condition, with onset at the 
age of 2 years. Sibling 6, aged 7 months, was without muscular involvement. Subjects 1, 2, 
3 and 4 had onset of muscular symptoms in childhood and became totally incapacitated at 
about puberty. 



Fig. 2. — In patients 1 to 6 dystrophy developed at the age of 7 years. Patient 1 died at the 
age of 20, of pulmonary infection, when muscular disability was far advanced. Patients 2, 3, 
4 and 5, aged 23, 18, 16 and 13 years respectively, are unable to walk or stand. Patient <5, aged 
11 years, can still walk, although with difficulty. Patient 7, aged Sj4 years, first showed 
symptoms at the age of 2 years. His siblings, 5, 9 and 10, are 4j4, 2j4 and U/z years old 
respectively. 

clinics in Lund, Stockholm and Uppsala, Sweden, during the years from 1910 
to 1930. The patients were members of 105 families. A considerably higher 

6. Funsten; R. V.: Muscular Dystrophj’’, J. Bone & Joint Surg. 5:190, 1923. 

7. Grothaus, E. : Untersuchungen fiber den Erbgang der Dj'strophia musculorum pro- 
gressiva (Erb), Arch. f. klin. Chir. 181:344, 1934. 
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sex ratio was reported by Hough, ^ Mettel and Slocum® and Voshell."® In each 
of the series of 43 and 48 patients observed by Hough and by Mettel and Slocum, 
respectively, there was only 1 female. Voshell reported that in his experience of 
about 25 cases only 2 females were seen. 

However, in instances in which inheritance is by a dominant factor both sexes 
usually are affected with equal frequency. Thus, in this series, for the 14 patients 
in whom inheritance of the disease was dominant the sex ratio was 1:1. A similar 
sex ratio was seen in the family reported by Pearson.^’- Eight members in 4 
generations were affected ; of these, 4 were males and 4 females. 

Types of Hereditary Transmission . — In 26 males in the total of 125 patients the 
inheritance of progressive muscular dystrophy was by a simple sex-linked recessive 
factor. Two of the family trees are shown in figures 1 and 2. These 26 patients 
were members of 5 of the total of 75 families in this series. In these 5 families 
males alone were affected, the gene containing the factor for muscular dystrophy 





I 



Fig. 3. — Patients 3, 6 and 9 had muscular dystrophy, with onset at the ages of 7 to 10 
years; patients 3 and 6 died at 15 years of age, of pulmonary infection; patient 9 died at the 
age of 14 years, after an operation for acute appendicitis. Patient S, aged 9 years, with 
moderately advanced dystrophy, first had symptoms at the age of 7 years. Subject 1 is said 
to have had dystrophy, but the diagnosis is not certain. 


having been transmitted by apparently healthy females to their affected sons. All 
the mothers of these patients had male siblings with the disease. In 3 of the 
families every male descendant on whom data were available had muscular dys- 
trophy. However, in 1 family (fig. 3) the disease developed in only 4 out of a 
total of 12 males in 3 generations. In addition to these affected members, 1 male 
descendant on the maternal great-grandfather’s side of the family is said to have 
had muscular disability similar to that of our patient (5, fig. 3). In another family 

8. Hough, G. De N.: Two Cases of Atypical Familial Dystrophy, New England J. Med. 
206:396, 1932! 

9. Mettel, H. B., and Slocum, Y. K.: Pseudohypertrophic Muscular Dystrophy: Pre- 
liminary Report on the Treatment of Three Cases with Glycine, J. Pediat. 3:352, 1933. 

10. Voshell, A. F.; Progressive Pseudohypertrophic Muscular Dystrophy, South. M. J. 
26:156, 1933. 

11. Pearson, K.; Two New Pedigrees of Muscular Dystrophy, Ann. Eugenics 5:179, 1933. 
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4 out of a total of 9 males had muscular dystroph}- (fig. 4). The latter family 
is of considerable interest in that the mother of our patients was twice married 
and had a son udth dj^strophy by each of the husbands. The issue of the second 
marriage was tivlns ; the girl has shown no muscular symptoms, whereas dystrophy 
developed in the boy. The mother showed no evidence of the disease, but her 
brother had muscular dystrophy. An apparently healthy sister of the mother had a 
son ^^4lO became affected with the disease. In another family 2 females of a sibling 
group of 4 females and 3 males had dystrophy ; 1 of the apparentl)’- healthy females 



Fig. 4. — Patient 1, aged 10 3 'ears, with pseud 3 'h}'pertrophic muscular dj-strophj*, had onset 
oi symptoms at tlie age of about 5 years. A brother (2) died at 3 months of age, of diarrhea. 
Another brother (i), aged 8 3 'ears, is normal. The father (4) was well until his death, at the 
age of 33, of appendicitis. The mother (5), aged 30, has no muscular symptoms. A step- 
brother of the patient (d) had dystrophy and died at the age of 2 3 ’-ears, of pertussis; a twin 
sister of this child (7), now aged 3 3 'ears, is normal. The father of these twins (8) is well, 
at the age of 28. Subject P had d 3 ^stroph 3 ' and died at the age of 19. Subject 10, aged 39, 
is normal but has a son (11) with muscular d 3 'strophy. (J was a patient in the children’s clinic, 
the New York Hospital. Dr. Samuel Z. Levine gave us permission to publish these data.) 



Fig. 5. — ^Members of groups A and B showed no evidence of muscular disease. All had 
several children, all of whom were normal. Subject 1 died at the age of 5 years, without 
muscular symptoms. Subjects 2, 4, 7, 8 and 9 are well at the ages of 32, 27, 34, 1 and 30 
3 'ears, respective^'. Patient 2 is 18 3 'ears old and has moderately advanced muscular dystroph 3 '. 
Patient 5, aged 5 years, has had progressive muscular weakness since the age of 1 3 'ear, and 
has difficult 3 ' in walking. Subject 6, aged 29, showed generalized weakness at the age of 
2 years. Her muscular d 3 'strophy is now advanced. 

of this group had a daughter in' whom the disease developed. In this instance 
heredity was by a recessive factor which was not sex linked (fig. 5). 

^In 14 patients inheritance of the disease can be interpreted as having been by 
a dominant factor. Each patient had a parent who was affected b}’- the disease, 
and all descendants of healthy parents were free from all evidence of muscular 
dystrophy. The 14 patients were members of 2 families. In 1 family a father and 
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his son were affected (fig. 6) ; in the other family there were 6 males and 6 females 
with muscular disease (fig. 7). In all of these patients the disease had its onset 
relatively late in life. Thus, in the family illustrated in figure 6, symptoms first 
were noted by the father at the age of 52 and by the son at the age of 15 years. 
In the second family in which the muscular disease was inherited by a dominant 
factor the average age of the patients when symptoms first were noted was about 
33 years. The muscular involvement in the affected members of this family was 
unusual for dystrophy in that the muscles earliest and most severely involved were 
those of the calves and feet. The complete data, which are presented in the next 



Fig. 6. — Subject 1, aged 59 years, is strong and healthy. Patient 2, aged 56, has wasting 
of the triceps muscles and the muscles of the calves and thighs; the calves are moderately 
enlarged; he “climbs up on himself” when straightening his body; his weakness started 
insidiously at the age of 52 to 53 years. In patient 4, aged 25 years, the condition started at 
the age of 15 years with wasting of the thigh muscles ; later the muscles of the arms and hands 
became wasted. 





Fig. 7.— Family tree showing distal type of progressive muscular dystrophy with dominant 
type of heredity. Data on members of the family will be given in the next report on this 
series.!® 


report of this series,^^ indicate that the condition was an atrophic distal type of 
progressive muscular dystrophy. 

Twenty-seven patients, including 14 males and 13 females, had at least 1 other 
sibling with dystrophy, but a history of the disease in preceding generations could 
not be obtained (figs. 8, 9, 10 and 11). Fifty-eight patients, of whom 47 were 
males and 11 females, gave a negative history for any other instance of the disease 
in tlieir families. 

12. Milhorat, A. T., and Wolff, H. G. : Studies in Diseases of Muscle ; XIII. Progressive 
Muscular Dystrophy of Atrophic Distal Type; Report on a Family; Report of Autopsy, Arch. 
Neurol. & Psychiat., this issue, p. 655. 
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A summary of the observations on the types of inheritance is shown in the 
table. For 26 patients the evidence seems conclusive that inheritance was by a 
simple sex-linked recessive factor, similar to that for color blindness and hemo- 
philia. All of these patients had dystrophy of the pseudoh)rpertrophic type, and 
in all, the onset of the disease was in the first decade of life. In 14 other patients 
inheritance was by a dominant factor (figs. 6 and 7). Leiter reported on a 
family in which inheritance was dominant in the last 2 generations, whereas it 
appeared to be recessive in the preceding generation. Grothaus expressed the 
opinion that a recessive factor can in its transmission change to a dominant one. 
However, the mode of inheritance in the family whose tree is shown in figure 7 
was uniformly dominant in the 3 generations on which data were available. 
Similarly, in the family reported on by Pearson inheritance was dominant in 
4 generations. Hansen and von Ubisch maintained that within the same family 
the type of hereditary transmission is uniform. Grothaus pointed out that the 
abortive forms of dystrophy often are dominant, and in the family reported on by 
Manson progression was slow. In the 14 patients reported on here, the onset 
of the disease was relatively late in life (ages from 28 to 43 years), and the 
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Figure 8 Figure 9 

Fig. 8. — ^In patient 1, aged 22 years, the condition began at the age of 13 years; he is 
bedridden. Patient 2, aged 18 years, walks with difficulty; weakness was first noted at the 
age of 7 years. In patient 3 the condition started at the age of 14 years; the patient died at 
28 years of age, of pneumonia, after being bedridden for four years. The normal male sibling 
is 30 years old and has 3 sons, the oldest of whom is 5 years of age. 

Fig. 9. — -The parents are first cousins. There is no known case of muscular dystrophy in 
the family e.Kcept those of children 1 and 5. Patient 1, aged 21 years, is able to walk only 
with assistance; symptoms were first noted at the age of 5 years. Patient 5, aged 17 years, 
had onset of disability at the age of S years; his condition is far advanced. Siblings 2, 3 and 
4 are normal. 


symptoms progressed slowly. In a few^ instances the disease appeared to be 
abortive. In any event, it is obvious that muscular dystrophy when inheritance 
is dominant will not be transmitted and therefore will disappear from a family 

13. Leiter, A. : Die Andrenalinbehandlung bel progressiver Muskeldystrophie, Monatschr. 
f. Psychiat. u. Neurol. 81:289, 1932. 

14. Hansen, K., and von Ubisch, G. : Der Erbgang der Dystrophia musculorum progressiva, 
Deutsche Ztschr. f. Nervenh, 105:276, 1928. 

15. Manson, J. S. : Hereditary Myopathy — A Family Showing Dominant Transmission, 
Brit. M. J. 2:1256, 1935. 
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unless the disability appears relatively late in life or progresses sufficiently slowly 
to permit some of the patients to marry and have offspring. These considerations 
probably explain the comparative infrequency of. this type of transmission. 

The data given in the table show that the type of hereditary transmission of 
muscular dystrophy could be established for only 40 of the 125 patients in this 
series. Possible explanations for occurrence of muscular dystrophy in the remain- 
ing 85 patients are as follows: (1) The cases were sporadic; (2) the disease was 
inherited by either a recessive or a dominant factor but was of abortive form in 
the parents or other members of the family and was unrecognized; (3) heredity 
was by a simple sex-linked recessive factor, but the fortuitous escape of other 
members of the family in recent generations prevents determination of the 
mechanism of inheritance; (4) inheritance was by multiple recessive factors. 
From the data available on these patients one can only postulate regarding these 
possibilities. The question whether or not any or ail of the cases were of sporadic 
occurrence can be answered only after all other possibilities have been excluded. 




Figure 10 Figure 11 

Fig. 10. — Family tree of 2 sisters with progressive muscular dystrophy. In patient i, aged 
29 years, with onset of symptoms at the age of 12 3 'ears, the condition is now far advanced. 
Patient 2, with onset of the disease at the age of 11 years, was totally incapacitated at the age 
of 27 years and died at the age of 33 years. Sibling 3, a normal male, is 35 years old and 
has 2 children — 4, aged 4 months, and 5, aged 2 years. The mother of the patients (6) died 
at the age of 34 years, with edema. The father (7) and his siblings, 8 to 13 inclusive, are 
living and well at ages ranging from 55 to 68 years ; each, except 7, has several children and grand- 
children, who are free from muscular disease. Subject 14 died at the age of 25 years, of heart 
disease. Subjects 15 to 22 have died, but were free from muscular disease; all had children, 
all of whom were normal. Subjects 23 to 26 inclusive died at ages ranging from 75 to 99 
years and were without muscular disease. The paternal grandfather (19) went south with 
the Union Army, married and settled in Maryland. Since then there have been frequent family 
reunions. Inquiries among collaterals of the family tree revealed no cases of muscular 
dystrophy other than those of patients 1 and 2. 


Fig. 11.— In patient 1 the disability started at the age of S years and was moderately 
advanced at the age of 13 years. Patient 2 was always weak; the disease was moderately 
advanced at the age of 15 years. In patient 3 weakness was first noted at the age of 14 years, 
and he died when 18 years old. Siblings 4, 5 and 6, aged 18, 26 and 22 years respectively, are 
normal. The father (7) is 54 j^ears old. His siblings 8 to 13, aged 47 to 65 years, have a 
total of 35 children, all of whom are normal. Subject 15 is his twin brother. The paternal 
grandfather (25) died at the age of 82 years ; he was very strong and was said to have been 
able to carry a load of 400 pounds (181.4 Kg.) on his shoulders when he was 62 years old. 
The paternal grandmother (26) died at the age of 62 years. Subjects 29 to 33, the mother’s 
siblings, had a total of 15 children, all of whom were normal. The maternal grandfather (34) 
died at the age of 82 years, and the maternal grandmother (35), at the age of 80 years. 
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Weitz^° expressed the belief that the disposition to the disease arises through 
mutation in both males and females. This disposition is believed further to be 
transmitted to half of the descendants and develops into the disease syndrome in 
the males, and only infrequently in the females. Weitz offered no explanation for 
the difference in incidence in the two sexes. Diehl, Hansen and von Ubisch 
rejected the postulation that muscular dystrophy arises by mutation. On the basis 
of the investigations of Morgan on mutations in Drosophila, these authors expressed 
the belief that mutations in human beings occur far too infrequently to account 
for the incidence of muscular dystrophy. Kostakow and Bodarwe referred the 
occurrence of muscular dystrophy to mutation of heredity factors derived from 
previous generations. The further inheritance was considered to be by dominant 
or recessive genes. 

Dawidenkow and Kryschowa stated the opinion that muscular dystrophy is 
transmitted b}^ a dominant factor. They examined the mothei*s of some patients 
and found minor structural changes which they concluded to be manifestations of 
dystrophy. These changes included kyphosis, large calves, flat feet, abdominal 
hernia, cyanosis of the hands and absence of the achilles reflex. It was postulated 
that the mothers of patients transmit the disease by a “retarded^’ dominant factor 
to 37 per cent of their offspring. While no effort was made in our studies to 
examine every living forebear of the patients, many were examined and were found 
to have structural changes of no greater frequency or severity than most persons 
in whose families dystrophy had never occurred. In our opinion, the validity of 
one’s considering the minor changes described by Dawidenkow and Kryschowa 
as manifestations of dystrophy is open to serious question. While the postulation 
of these authors might be an adequate explanation for the occurrence of some 
“isolated” cases of muscular dystrophy, our observations suggest that most cases 
cannot be explained on this basis. 

The third possibility, that of inheritance by a simple, sex-linked recessive factor, 
appears to be a mechanism more likely to operate in at least a proportion of the 
cases. Most of the studies on the heredity of this disease have dealt with material 
on relatively few generations. In most families, information regarding disease in 
more than a few generations is either lacking or of dubious value. Therefore, cases 
of muscular dystrophy can appear to be “isolated” or “sporadic” if other male 
members of the family in the present and recent generations have fortuitously 
received the healthy sex chromosome. More complete data might show that males 
in earlier generations had been affected and thus indicate the sex-linked character 
of the inheritance. A schematic presentation of this formulation is given in figure 
12. It will be noted that 50 per cent of sons of heterozygous mothers could be 
expected to be affected by the disease, whereas all the sons of a homozygous 
mother would have the disease. Instances in which the mother could be considered 
as homozygous were not met with in this series. While the presence of the disease 
in all sons was seen in certain families, for example, those shown in figures 1 and 
2, the mother to be homozygous must be the issue of a male affected with the 
disease and a female who has transmitted to her daughter a sex chromosome con- 

16. Weitz, W.: Der Erbgang der D 3 'strophia musculorum progressiva, Deutsche Ztschr. f. 
Nervenh. 102:209, 1928. 

17. Diehl, F. ; Hansen, K., and von Ubisch, G. : Der Erbgang der Dystrophia musculorum 
progressiva, Deutsche Ztschr. f. Nervenh. 99:54, 1927. 

18. Kostakow, S., and Bodarwe, K. : Gibt es einem einkeitlichen Erbgang bei der progres- 
siven Muskeldystrophie? Deutsches Arch. f. klin. Med. 181:611, 1938. 

19. Dawidenkow, S., and Kryschowa, N. : Untersuchungen angeblich gesunder Vcrwandter 
von Muskeldystrophikern, Ztschr. f. d. ges. Neurol, u. Psychiat. 125:31, 1930. 
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taining the gene, for muscular dystrophy. None of the maternal grandfathers of 
our patients with a recessive type of inheritance had muscular dystrophy. The 
formulation that in some "isolated” cases of dystrophy the disease is inherited by 
a simple sex-linked recessive factor could account for the greater incidence of the 
disease in males. 

The fourth possible explanation for the occurrence of “isolated” cases has 
already been considered by other workers. In fact, Dittrich questioned whether 
progressive muscular dystrophy can ever be the result of a simple hereditary factor. 
He stated the belief that the assumption of multiple factors makes comprehensible 
the various types of the disease. Diehl, Hansen and von Ubisch postulated that 



Fig. 12. — Schemas showing simple sex-linked recessive inheritance (based on Morgan 
[Morgan, T. H. : The Phpical Basis of Heredity, Philadelphia, J. B. Lippincott Co., 1919]). 
The sex chromosome containing the factor for progressive muscular dystrophy is designed as a 
solid X. The normal sex chromosome is shown as X in outline. The schema above 
the dotted line shows transmission of the chromosome containing the disease factor to both 
males and females in the next generation. The schema below the line shows how male 
descendants can fortuitously escape the disease for several generations. Since heterozygous 
females possessing only an affected chromosome will not manifest the disease, the trans- 
mission of the chromosome with the factor for dystrophy to a male in the last generation 
will give rise to so-called isolated, or sporadic, cases of muscular dystrophy. 


muscular dystrophy is dependent on two factors, wbicb tbe authors designated as 
C and D. Normal persons were considered to have one of the factors (C or D) 
or neither. Persons with the disease were thought to have both C and D. The 

20. Dittrich, R. : Zur Vererbung der progressiven Muskeldystrophie, Verhandl. d. deutsch. 
orthop. Gesellsch. (1931), 1932, Kong. 26, p. 69. 
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authors compared their scheme of heredity with that used for the inheritance of 
blood groups. They concluded that the scheme explains the occurrence of the 
disease in children of normal parents and the instances in which the transmission 
of the condition skips one or more generations. However, the scheme does not 
explain the difference in the number of persons of the two sexes who have muscular 
dystrophy. The authors expressed the belief that while the influence of sex might 
theoretically play a role, inheritance could be explained without consideration of 
sexual influences. Frequent mutations find no place in their scheme. Minkowski 
and Sidler reported an interesting family tree in which there were 8 males and 
5 females who had muscular dystrophy. The family consisted of two branches, 
the forebears of which had lived in an isolated valley in Switzerland for many 
generations. There had been numerous intermarriages, and all parents of the 
patients were blood relatives. The appearance of muscular dystrophy in the families 
was abrupt, after a long period of intermarriage. Since the disease had- been 
absent in all the forebears, Minkowski and Sidler concluded that its inheritance 
was of recessive nature. Moreover, the fact that the disease arose only among 
children of union of the two branches of the family suggested that heredity was 
by double recessive factors rather than by a single factor. 

Multiple hereditary factors have often been described in breeding experiments 
on animals.-- Of special interest are the observations of Wood -® on the inheritance 
of horns in sheep. Both sexes of the Suffolk sheep are hornless, whereas both 
sexes of the Dorset sheep are horned, although the horns of the ram are larger. 
Horned Dorset sheep crossed with hornless Suffolk sheep gave horned sons and 
hornless daughters. When these offspring were inbred, there were 3 horned males 
to 1 hornless male and 3 hornless females to 1 horned female. The results can 
be explained by the assumption that in the male one gene suffices to produce 
horns, whereas in the female two genes for horns are necessary to produce horns. 
Therefore in this instance the hereditary factor is sex-limited rather than sex-linked. 
Among mutants of Drosophila melanogaster several cases of sex-limited characters 
are found, the effect of a gene on one sex being greater than that on the other.-- 
The assumption of a similar mechanism in some cases of progressive muscular 
dystrophy would go far in explaining the high ratio of males to females (3:1) with 
this disease. Moreover, the formulation that fewer recessive hereditary factors are 
required for the development of muscular dystrophy in males than in females 
suggests the importance of the “sex hormones” on the incidence of this disease. 

Macklin expressed the opinion that the variation in modes of inheritance 
observed in different families could be explained on the assumption that similar 
clinical entities may be due to diverse pathologic conditions. Application of her 
formulation to progressive muscular dystrophy implies that among a group of 
patients with this disease the muscular symptoms are due to one type of process 
in some persons and to other types in others. In the absence of adequate data on 
the etiologic factors in muscular dystrophy, this question cannot be answered at 
present. It is known that certain diseases, such as exophthalmic goiter, can some- 
times produce muscular disability that closel}'' resembles muscular dystrophy. 

21. Minkowski, M., and Sidler, A. : Zur Kenntnis der Dystrophia musculorum progressiva 
und ihren Vererbung, Schweiz, med. Wchnschr. 9:1005, 1928. 

22. Morgan, T. H.; Sturtevant, A. H.; Muller, H. J., and Bridges, C. B.; The Mechanism 
of Mendehan Heredity, New York, Henry Holt & Co., 1923. 

23. Wood, T. B. ; Inheritance of Horns and Face Color in Sheep, J. Agric. Sc 3' 145 
1909. 

24. Alacklin, M. T.; The Role of Heredity in Disease, Medicine 14:1, 1935. 
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Askanazy demonstrated considerable muscular involvement associated with 
exophthalmic goiter, but there could have been little difficulty encountered in 
making the diagnosis of thyroid disease in the cases reported by him. On the other 
hand, the 2 patients of Shorr, Richardson and Wolff ==« had muscular disability 
practically indistinguishable from that seen with progressive muscular dystrophy, 
and only with the aid of adequate laboratory investigations and a study of the 
effects of iodine could the diagnosis of exophthalmic goiter be established. 
Thyroidectomy in both cases induced almost complete restoration of muscular 
function. Studies of thyroid function were made in practically every case reported 
in the present series. 

Consanguinity of Parents. — In only 1 family (fig. 9) were the parents of the 
same family stock. In this instance, the mother and father of the 2 patients were 
first cousins. Blood relationship of parents was stated by Minkowski and Sidler 
and by J\'Iason and Meloy to be of importance in the families reported on b}'^ them. 

Relationship of Age of Patient When Symptoms Began and Clinical Course . — 
An attempt was made to determine the speed of progression of muscular disability 
and to relate this to the age of the patient when symptoms first were noted. 

The amount of muscular disability rvas estimated by the following criteria: 

Estimated 

Muscular 

Disability, 


Observed Limitation in Muscular Function Per Cent 

Slight weakness in arms or legs 10 

Waddling gait IS 

Arms cannot be raised above shoulder; support needed in arising from floor; 

patient ascends stairs moving one foot at a time 25 

Arms cannot be raised above midthoracic line; patient “climbs up” on thighs 

in getting up from prone position; ascends stairs holding on to railing 40 

Arms cannot be raised above level of waist ; patient arises from floor only with 
great difficulty ; stair climbing almost impossible ; moderate scoliosis or 

lordosis SO 

Patient unable to get up from sitting position; unable to climb stairs; unable 

to get up from floor 70 

Patient unable to walk ; unable to lift arms above level of waist 80 

Patient unable to walk, turn over in bed or feed himself; advanced scoliosis 
or lordosis 90 


It is recognized that these values probably do not represent the actual quantitative 
reduction in total muscular function of the patients. However, it is felt that they do 
represent the relative impairment of muscular function in the patients in this series 
and serve a useful purpose for comparison of the different subjects. 

When the total muscular disability expressed as the percentage of reduction in 
muscular function was divided by the number of years during which symptoms had 
been present, a value representing the average yearly decrease in muscular function 
was obtained. In figure 13 the average yearly decrease in muscular function in 
92 patients is shown in relation to the ages at which muscular symptoms began. 

25. Askanazy, M. : Pathologisch-anatomische Beitrage zur Kenntnis des Morbus Basedowii 
insbesondere fiber die dabei auftretende Muskelerkrankung, Deutsches Arch. f. klin. Med. 61 : 
118, 1898. 

26. Shorr, E.; Richardson, H. B., and Wolff, H. G.: Unpublished observations; patients 
presented before the Section of Medicine, New York Academy of Medicine, Dec. 17, 1940. 

27. Mason, W. S., and Meloy, R. C. : Progressive Muscular Atrophy : Five Cases in One 
Family, J. Oklahoma M. A. 23:265, 1930. 
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The data show that when the disease began in the first decade of life the clinical 
course was rapid ; in most instances the average yearly loss in muscular function 
was 13 per cent. When the onset of symptoms appeared during the second decade, 
the progress of the disease was slower, the yearly loss in function averaging about 
7 per cent, and when the onset was in the third decade the average progression in 
disability was only about 3 per cent per year. There were significant differences 
among the patients in most of the age groups ; for example, in a patient in whom 
the symptoms began at the age of 7 )^ears, the yearly increase in disability was only 
5 per cent, whereas in another patient it was 18 per cent. The average value for 
the 10 patients in this age group was about 12 per cent. Therefore, while the data 
in this series can be used in a general way in the prognosis for a patient with 
muscular dystroph)^ the prediction applies only to the average for the patients in the 
same group. These observations confirm the opinion stated by Gowers,’^ V oshell 

20 


15 

AVERAGE 
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LOSS IN 
MUSCLE 1 0 
FUNCTION 

Cper cent) 


5 


AGE OF PATIENT On YEARS) WHEN SYMPTOMS FIRST WERE NOTED 

Fig. 13. — ^Relationship between progression of disability and age of patient when muscular 
symptoms first were noted, in 95 cases. The dots represent data on individual patients; the 
open circles, average values for the different age groups. 

and Hurwitz ^ that the earlier in life symptoms of muscular dystrophy develop the 
more rapid the progression of disability is likely to be. 

It can also be stated that, in general, the age of onset of the disease was approxi- 
mately the same in all patients in any one family, although this age of onset showed 
considerable variations among the different families. Moreover, the rapidity with 
which the muscular symptoms progressed was roughly similar in patients in the 
same family. Macklin stated her belief that these phenomena apply to most 
hereditary diseases. 

SUMMARY 

The heredity of progresswe muscular d 3 ’^strophy was studied in 75 families, in 
which a total of 125 members were affected with the disease. On 85 of these 

28; Macklin, M. T. : The Relation of the Mode of Inheritance to the Severitv of an 
Inherited Disease, Human Biol. 4:69, 1932. 
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patients clinical and chemical studies were made, in most instances at frequent 
intervals over periods of several years. The observations were as follows : 

.1. Fifty-four per cent of the 125 patients gave a history of at least 1 other 
member of the family affected with the disease; of the 85 patients who were 
examined, 25 per cent gave a positive familial history of the disease. 

2. More males had progressive muscular dystrophy than did females. The ratio 
of males to females was 3:1. 

3. Twenty-six males inherited the disease by a simple sex-linked recessive 
factor; e. g., the muscular dystrophy appeared in the males but was transmitted 
by apparently healthy females. 

4. In 7 males and 7 females transmission of the disease was by a dominant 
hereditary factor. 

5. The exact mechanism of heredity in 61 males and 24 females was not deter- 
mined, but was of a recessive type. The ratio of males to females in this group 
was 2.5 : 1. It is postulated that in this group inheritance in many instances was 
by a simple sex-linked recessive factor. The sex chromosome carrying the 
dystrophy factor probably was transmitted by the females of the family for a 
number of generations without transmission to a male other than the patient and 
his siblings. The fortuitous absence of the disease in the male members of previous 
generations on which information is available would mask this type of hereditary 
transmission. However, it is unlikely that this mechanism accounts entirely for the 
frequency of the disease among males. Another possible type of hereditary trans- 
mission is one of multiple recessive factors in which the number of factors necessary 
to induce the condition is fewer for males than for females. A similar influence of 
sex on the number of hereditary factors required for certain characteristics has 
been demonstrated in many species of animals. The influence of sex on the incidence 
of progressive muscular dystrophy might be of importance in the concept of the 
mechanism and cause of the condition. 

6. There was a definite relation between the age of the patient when the symp- 
toms first were noticed and the clinical course of the disease. In patients in whom 
the disease appeared early in life disability developed much faster than it did in 
patients in whom the first symptoms appeared at a later age. 

7. In the present series, the patients whose inheritance of the disease was by a 
dominant hereditary factor manifested their first symptoms relatively late in life. 
In these patients the progress of the disease was slow, and investigations showed 
that the disease remained localized to certain muscle groups for long periods. 

8. In contrast, when progressive muscular dystrophy developed early in life the 
process usually became extensive in distribution and involved most of the muscles 
early in the course of the disease. 

525 East Sixty-Eighth Street. 
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In the preceding report in this series ^ reference was made to a family in which 
12 members had progressive muscular dystrophy with inheritance by a single 
dominant hereditary factor. The data on heredity were illustrated in figure 7 of 
that report. 

The symptoms, clinical observations and changes in creatine metabolism, as 
well as the inheritance of the disease in members of this family, were so unusual 
for progressive muscular dystrophy that a presentation of case histories appears 
desirable. In many respects the clinical picture resembled that of Charcot-Marie 
peroneal muscular atrophy, in which transmission of the disease usually is by a 
dominant hereditary factor.^ Since this family contained 12 of the 14 patients in the 
entire series in whom inheritance was by a dominant factor, it seemed of importance 
to the general problem of muscular disease, especially the heredity of progressive 
muscular dystrophy, to determine whether these patients had muscular dystrophy 
or whether the muscular disease was peroneal muscular atrophy. Most of the 
patients were followed for a period of seven years. During this entire time, it was 
impossible to be certain of the diagnosis until a complete necropsy was made in 
1 case. 

Six cases, with the observation at autopsy in 1 of them, are reported. The 
numbers assigned to the cases are those used in the family -tree in the previous 
report.^ 

REPORT OF CASES 

Case 3. — History . — The patient was not examined by us. She was hospitalized at the 
^lontefiore Hospital, New York, from July 10 to Nov. 10, 1923. The director of the 
hospital supplied the following information: A housewife aged 38 was admitted on July 10, 1923, 
complaining of weakness of the lower extremities and difficulty in walking. Her illness began 
ten years before her admission, when she first noted pain and a feeling of tiredness in both 
thighs and legs. Her legs gradually became weaker, and she tired excessively on walking. 
Later she noted difficulty in raising the legs and had to “pick them up with her hands and 
place thern on a^ chair” when attempting to put on her stockings or shoes. She soon noted 
difficulty in arising from the floor when she was scrubbing unless she assisted herself by 
firmly grasping surrounding objects. Her walking became progressively more difficult and 
unsteady up to the time of admission. 

The past history was noncontributory. 

This study was aided by a grant from the National Foundation for Infantile Paralvsis, 

Inc. 

From the Departments of Medicine and Psychiatry, Cornell University Medical College ; 
the Russell Sage Institute of Pathology, and the New York Hospital. 
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Examination. — The patient was a middle aged woman, who appeared fairly well nourished. 
She walked with a waddling gait, with abdomen thrown forward and compensatory lordosis. In 
rising from a recumbent position she supported herself by placing her hands on her knees. 
The left pupil was slightly larger than the right, but both reacted to light and in attempts 
at her near vision. Motor power in the upper extremities appeared to be normal. The 
tendon reflexes in the upper ejctremities were hyperactive and equal on the two sides. There 
were no pathologic reflexes. The biceps and deltoid muscles appeared to be slightly under- 
developed. As compared with the thighs both legs appeared smaller than normal, and the 
wasting was more pronounced in the muscles below tlie knees. The left calf measured 11?4 
inches (29.9 cm.) in circumference and the right calf 11)4 inches (29.2 cm.). There was 
atrophy of the muscles of the thighs. The circumference of the right thigh was W/z inches 
(36.8 cm.) and that of the left 15 inches (38.1 cm.). Weakness was moderate in the ham- 
string group of muscles on the left side and slight on the right. Foot drop, with inversion 
of the left foot, was present bilaterally. The patient could move the toes. The only reflex 
obtained in the lower extremities was the patellar, which was sluggish bilaterally, but a 
little more active on the left side. The abdominal reflexes were present. No fibrillations 
were observed. There were no sensory defects. The Wassermann reaction of the blood was 
negative. Roentgenograms of the spine and skull showed nothing abnormal. 

The diagnosis was progressive muscular dystrophj’’ (atrophic type). 

Subsequent Course. — Tlie muscular disability progressed steadily, and the patient died in 
1934, at the age of 49 years. 

Case 5. — History. — A widow aged 67 had extensive muscular wasting of many years’ 
duration. She stated that at about the age of 43 she first noted weakness of the' feet. The 
symptom was insidious in onset and was slowly progressive. A few years later the muscles 
of the hands and calves were affected. The process in the upper extremities gradually 
extended to the muscles about the shoulders. There was no pain or paresthesia. She was 
seen on Feb. 19, 1934, when the results of e.xamination were about the same as those obtained 
on Jan. 22, 1941, to be described, except that muscular wasting was not as advanced and she 
was able to walk with assistance. In 1936 the patient tripped and fell, sustaining a fracture 
of the lower end of the femur. This necessitated a prolonged period of rest in bed, and 
thereafter she was unable to walk again. 

Examination (Jan. 22, 1941). — The patient sat comfortably in bed but was unable to 
raise the arms more than a few inches from the side of the body. The pupils were 

equal and regular and reacted normally to light, but there was little reaction in attempts at 

near vision. The movements of the eyeballs were limited in attempts at convergence; otherwise, 
the extraocular movements were normal. Examination of the fundi showed the disks to 
be normal, but there was considerable sclerosis of the retinal arteries. There was no 

weakness of the face. The tongue showed no wasting or fibrillations. Gross power of all 

the muscles of the upper extremities was greatly reduced. The patient was able to exert 

little resistance to passive flexion or extension of the upper extremities. She could lift the 

arms only a few inches from the side of the body. Muscular wasting was moderate in 
the upper portions of the arms, more definite in the forearms and fairly advanced in the hands. 
There was atrophy of the thenar and hypothenar eminences and of the intrinsic muscles of 

the hands. The grip was weak, and approximation of the thumb and index finger was 

feeble. The hand presented a moderately advanced main en griff e appearance. The finger 
nails had numerous ridges extending the length of the surfaces. The patient stated that this 
condition had been present for about five years. There was slight wasting of the muscles 
about the shoulders, but no definite flaring of tiie scapulas could be seen. The lower 
extremities were very weak, and the patient was practically unable to make any move- 
ments with them. There was a definite bilateral foot drop, and the feet could not be brought 

from this position even when considerable force was applied by the examiner. The patient 
was unable to move the toes. The feet were flat and wasted. There was considerable weak- 
ness of the thighs, and the lower extremities could be flexed or extended at the hip without 
much difficulty by the examiner even when the patient exerted all possible power. The 

muscles of the peroneal and tibial groups appeared to be of normal size. They had a rather 

hard feel with a ’doughy character. The skin over the hands and feet was smooth and 
shiny. The tendon reflexes in the upper extremities were active; in fact, they suggested some 
hyperactivity, but there was no finger stretch reflex. The patellar and achilles reflexes 
were absent. The plantar response was flexor in type. There was moderate diminution in 
vibration sense over the toes of both feet. Sensibility for pain, light touch and position was 
normal. There were no fibrillations. 
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The patient experienced considerable d 3 ’Spnea and weakness when she attempted to sit up with 
her feet hanging over the side of the bed. After the feet had hung for an hour or so, definite 
edema of the ankles developed. The heart was enlarged; the rate was rapid, and there were 
numerous premature contractions. The picture was one of arteriosclerotic heart disease. 

Formulation . — Examination at this time showed essentially the same condition as that noted 
seven years previously. There had been little progression in the muscular disability except that 
occurring subsequent to the fracture of the leg and the prolonged rest in bed necessitated by 
treatment of the fracture. The foot drop and the contractures of the feet probably were due 
to prolonged inactivity and the weight of the bedclothes on the feet. 

Subsequent Cotirse . — During the last week of November 1941 pain developed in the abdomen. 
This pain came on acutely, was rather severe and persisted for a few days. The patient then 
continued in about the same' condition as prior to this episode. About December 13 she had 



Fig. 1 (case 5). — Motor ganglion cells of the anterior horn, midcervical level (description 
in text). 


a recurrence of abdominal pain, which came on acutely, was very severe and persisted. The 
patient gradually became comatose and died on Dec. 20, 1941. 

Autopsy, by Dr. L. D. Stevenson and Dr, D. P. McEndy, of the department of pathology, 
was performed twelve hours after death. 

Gross Examination. — Inspection; The body was that of a white woman, which measured 
152 cm. in total length and weighed 48 Kg. It was poorly developed but moderately well 
nourished. There was only a slight amount of rigor mortis of the upper extremities ; none 
was observed in the lower extremities or the neck. There was considerable loss of sub- 
cutaneous fat, particularly in the upper extremities. The muscle tissue about the shoulder 
girdle and the upper and lower portions of the arms was slight in amount, soft and flabby. The 
supraspinatus and infraspinatus muscles were almost completely absent. The spines of the 
scapulas were conspicuous throughout their entire length, and the bodies of the scapulas could 
easily be palpated. The muscles of the flexor surfaces of the forearms were considerably 
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decreased in size. The fingers and hands were held in a semiextended position. No rigor 
mortis was observed in the fingers, but they tended to assume a perfectly straight plane. The 
general outlines of the lower extremities and of the pelvis were within normal limits. No such 
atrophic picture as was seen in the upper extremities was present here. There was moderate 
edema of the legs, ankles and feet. The feet were plantar flexed and everted outward. The 
skin oyer the anterior surface of the legs was thin and shiny, and there was a mottled pink dis- 
coloration of the skin in these regions and over the anterior surfaces of the thighs. The thigh 

muscles were soft and flabby, but not to an extent comparable to that observed in the upper 

extremities. 

Muscles: The muscles of the body that were examined were smaller- than normal and paler 
than is usually seen. This was noted particularly in the rectus abdominis muscles and in 
the muscles of the neck and shoulders. Those of the upper portions of the arms were observed 
to be in a similar condition, but less pale. 

Brain and Spinal Cord : The skull was thick, and irregularly so. Neither the pachy- 
meninges nor the leptomeninges showed change. The venous sinuses were patent. The 
cranial nerves and the pituitary were not remarkable. Nothing unusual was noted in 
examination of the accessory nasal sinuses or of the middle and internal ears. 

The vessels of the circle of Willis were moderately sclerotic. There were two small whitish 

nodules on the under surface of the dura of the upper parietal region on the left side. One 

measured approximately 1 cm. and the other approximately 0.5 cm. in diameter. Both were 
rather flat. There was fairly extreme cortical atrophy of both hemispheres, particularly in 
the frontal and parietal regions and to a lesser extent in the temporal region. No evidence of 
internal hydrocephalus was noted. There was no softening or hemorrhage into the brain 
substance. No lesion was visible in the basal ganglia or in the internal capsule. 

An area of flattening, possibly an artefact (?), was present in the upper thoracic region of 
the spinal cord, just below the cervical region. There was considerable congestion of the 
capillaries of the gray matter of the thoracic and lumbar regions of the cord. 

Microscopic Examination. — Afuscle; A section taken through the rectus abdominis muscle 
showed this tissue to be almost completely replaced by fat. The few strands of muscle that 
remained stained very lightly, but their cross striations persisted. Between the muscle fibers 
in some places were collections of cells with dark, round and spindle-shaped nuclei. 

Only small collections of fat were seen in a section taken from the biceps muscle, but the 
muscle fibers took a very pale stain. The cross striation remained. A similar, but less 
extreme, picture was seen in a section through the psoas muscle. Here the fibers were scanty, 
and considerable fat was seen between them in some places. 

Brain and Spinal Cord: A section of the precentral gyrus stained by the Nissl method 
showed that the Betz cells were well preserved and the other cortical layers normal in appear- 
ance, although there was slight dropping out of cells. A section of the spinal cord in the 
midcervical region showed no loss of myelin. The anterior horn cells were normal in number, 
but they gave evidence of atrophy, with tortuous processes and deeply staining cytoplasm 
(fig. 1). In a similar section through the upper thoracic region the nerve cells of the anterior 
horns presented the same appearance. In the upper lumbar region pyknosis of the anterior horn 
cells and other atrophic changes were apparent. In the sacral region the condition of the 
anterior horn cells was similar. It is likely that these changes in the anterior horn cells 
throughout the spinal cord were the result, rather than the cause, of muscular disease. A 
section of the right femoral nerve stained for fat showed no degenerative change. 

Additional Autopsy Observations: There were multiple healed infarcts of the spleen and 
kidneys ; embolism of the abdominal aorta and iliac, superior mesenteric and celiac arteries ; 
massive infarction of the terminal portion of the jejunum and of the proximal half of the 
ileum; serofibrinous peritonitis; bilateral hydrothorax; partial atelectasis of the lower lobes 
of both lungs ; passive congestion of the liver, with fatty degeneration and beginning cirrhosis ; 
advanced arteriosclerosis of the thoracic and abdominal portions of the aorta; moderate arterio- 
sclerosis of the cerebral, coronary, mesenteric, splenic and common iliac arteries; slight fibrosis 
of the myocardium; fibrous pleural adhesions at the apex of the left lung; calcified nodules 
in the lower lobe of the left lung and in corresponding peribronchial lymph nodes; small 
cysts of both kidneys; hemangioma of the spleen, and mucus cysts of the fundus of the uterus. 

Case 8. History. — A housewife aged 38 was first seen in the clinic on Nov. 16, 1934, with 

the complaint of difficulty in walking, of one year’s duration. The patient stated that up 
to the age of 28 years she had no difficulty whatever in walking, but thereafter there was a 
gradually increasing sense of heaviness in the feet. This symptom was mild until about one 
year prior to her admission to the outpatient department, when it increased definitely. She 
found it necesesary to be careful while walking, since she showed an increasing tendency to trip. 

E.ramination and Clinical Course. — Examination showed the pit to be somewhat steppage 
in type, but there was no lordosis or other abnormality. Examination of motility showed no 
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abnormality except in the muscles below the knees. The calves were somewhat large and 
of wooden consistency. ^ The feet were held moderately overextended. Extension of the feet 
appeared to be only slightly impaired, whereas flexion of the feet was weak. The tendon 
reflexes were active and equal on the two sides except for the ankle jerks, which were 
definitely reduced. Sensory function was normal. The patient weighed 69 Kg. 

In July 1935 the patient visited another hospital, where a lumbar puncture was performed. 
After this procedure headache developed, and it was necessary for her to remain in bed 
about four weeks. During her prolonged period of inactivity the weakness of the feet progressed 
rather rapidly, and for the next three months she complained of pain in both feet whenever 
she walked. With the help of ph 3 ’sical therapj^ the condition gradually improved and by the 
end of another month was about the same as before the lumbar puncture. 

Subsequent Course . — During the next six years the condition of the patient was slowly 
progressive. 



Fig. 2 (case 10). — Muscle removed post mortem from thigh (description in text). 


Case 10. — History . — A man aged 38 was first observed at the New York Hospital on 
Dec. 9, 1933. In 1926, at the age of 30, he began to have difficulty in raising his thighs. 
This gradually became worse, and in 1929 he had difficulty in extending his feet. In 1932 
he was seen in another hospital, where a diagnosis of progressive muscular dystrophy was made. 

Examination . — There was weakness of the iliopsoas muscles and of the lower extremities. 
The peroneal muscles were weak, although the calves were large. The muscles of the left 
calf were of wooden consistency. There was no definite wasting of the muscles of the upper 
extremities, but the left biceps muscle was weak and there was slight winging of the scapulas. 
There was no sensory defect. The patient weighed 79 Kg. 

Clinical Course. — The muscular weakness and wasting gradually increased. Twelve years 
after the onset of the disability the patient had considerable difficult}' in getting about. In 
1938 he fell and sustained a fracture of the shaft of the femur. The fracture healed in normal 
■manner, but thereafter the patient was unable to walk. In December 1939 pneumonia developed 
and he died. 
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Examination of Muscle. — piece of muscle removed post mortem from the right thigh 
by Dr. Ben Klotz was sent to us for examination. The report of the microscopic examination 
by Dr. N. C. Foot, of the department of surgical pathology, follows: 

“Alicroscopic examination of the muscle tissue revealed the most profound changes yet seen 
in this laboratory. The main bulk of the tissue was rather normal-appearing fat, and one 
would not have suspected that muscle had been present until several strands of fibrous tissue 
containing much degenerated, but quite definite, striated muscle were encountered. In some 
portions these remains of striated muscle took a greenish color rather than the hematoxylin 
stain, indicating a changed reaction. These strands were short and faded into the fibrous 
tissue (fig. 2). Apparently, the sarcolemma cells remained somewhat longer than the other 
constituents. At various points there were small collections of lymphocytes, usually strung 
out in single or double file, paralleling the muscle strands. Dilated vessels were seen here 
and there. 

“The diagnosis was progressive muscle dystrophy, terminal stage.” 



Fig. 3 (case 11). — Wasting of muscles below the knees. These changes were typical of all 
patients in this family during the moderately early stages of the disease. 


Case 11. — History. — A man aged 37, a theatrical agent, complained of difficulty in walking. 
About four years prior to his admission to the hospital, on Jan. 19, 1939, he noted that his 
feet made a slapping sound when he walked. This was noticed also by his friends, who 
frequently called his attention to it. About two years after the onset of this symptom the 
patient began to stumble over low objects, such as irregularities in the pavement, and on several 
occasions he fell. For about one and one-half years prior to his admission he noted a gradual 
increase in weakness of the calves and thighs. He was able to walk for only short distances 
and had to hold on the railing with his hands while ascending stairs. For one year he had 
cramplike pains in the left foot, and on occasion this foot felt numb. The patient stated the 
belief that the muscular weakness had been limited to the legs. 

E.vamination.—The. patient lifted his feet high while walking and brought them to the 
floor with a loud slapping sound. When the lower end of the tibia was grasped and the leg 
shaken, the foot seemed to be only loosely attached. The feet were kept in an overextended 
position, and the patient was unable to flex them. There were definite wasting of all muscles 
below the knee and slight weakness, but no wasting, of the muscles of the thighs (fig. 3). 
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The tendon reflexes were normal except that the knee and ankle Jerks on the left side were 
slightly diminished. Sensory function was unimpaired. 

Subsequent Course.— The patient was seen at frequent intervals during the next two and 
one-half years. During this period there was only slight increase in disability. 

Case 12. — History . — A male clerk aged 30 was first seen in the clinic on Jan. 16, 1939. 
He stated that for a few months he had noticed slight difficulty in walking, with a tendency 
to stumble over low objects. The symptoms had been mild, but the patient consulted a physician 
because his brother had had increasing difficulty in walking and the patient was apprehensive 
that he might be acquiring the same condition. 

E.vaminafion . — At the time of the first visit to the clinic examination disclosed no evidence 
of muscular disease. The patient was seen again in May 1940, with a history that the difficulty 
in walking had increased slowly but progressively. At that time there was slight atrophy of 
the muscles of the calves and feet. There was no involvement of the muscles elsewhere. Sensory 
function was normal. 

Subsequent Course . — The patient was seen on numerous occasions, and during the past year 
muscular disability had progressed slowly. At the time of writing the patient raised his feet 
rather high while walking and brought them to the floor with a slapping sound. There was 
definite weakness in flexion of the feet. The muscles of both feet and calves showed moderate 
wasting, somewhat more definite on the left side. 

In August 1942 definite enlargement of the left calf was observed. Apparently, this change 
had occurred rather suddenb^ The appearance and consistency of the calf had many char- 
acteristics of pseudohypertrophy, but the slight pitting produced by pressure in the lower 
portions of the calf suggested that the change in size was due to edema. 

Cases 1, 2, 4, 6, 7 and 9. — The patients were not examined by us. Information obtained 
from other members of the family included the following data: 

Patient 1, the earliest male in the family on whom data could be ascertained, had weak- 
ness and wasting of the muscles of the legs and feet but was able to walk until the time of 
his death, at the age of 55 years. 

In patient 2 symptoms first were noted in the legs at the age of 26 years. The disability 
progressed steadily, and the shoulders were affected a few years later. The patient was 
incapacitated when she was about 35 years old, and she died at the age of 45. 

Patient 4 had muscular disability similar to that of patient 3. Onset was at the age of 

30 years. At the age of 35 she was incapacitated, and at the age of 45 she died. 

Patients 6, 7 and 9 first noted symptoms in the legs and feet at the ages of 38, 28 and 28 

3 ’ears respectively. 

METABOLISM OF CREATINE AND CREATININE 

The metabolism of creatine and creatinine was studied in 4 of the patients the 
methods described previously.^ In 3 of the patients the output of creatinine was 
reduced only moderately and in proportion to the reduction in muscular mass; 
spontaneous creatinuria was minimal, and the creatine tolerance was essentially 
normal. These results are similar to those observed in patients with wasting limited 
to relatively few muscle groups, such as muscular wasting subsequent to disease of 
the nervous system.^ In the family with progressive peroneal muscular atrophy 
reported by Small and Milhorat ^ the changes in the metabolism of creatine and 
creatinine were identical with those in the present 3 patients. However, in 1 
patient (case 10), a man weighing 79 Kg., the daily output of creatinine was only 
0.858 Gm. and the spontaneous output of creatine was 0.200 Gm. daily. These 
results are similar to those obtained for patients with widespread muscular involve- 
ment. 

The essential facts regarding this syndrome can be summarized as follows: 
The onset occurs relatively late in life, usually about the end of the third decade. 

3. Milhorat, A. T., and Wolff, H. G. : Studies in Diseases of Muscle: I. Metabolism of 

Creatinine in Progressive Muscular Dystrophy> Arch. Neurol. & Psychiat 38: 
'992 (Nov.) 1937. 

4. Milhorat, A. T., and Wolff, H. G. : Studies in Diseases of Muscle: IV. l^Ietabolism 
of Creatine and Creatinine in Muscular Wasting Subsequent to Disease of the Nervous Sys- 
tem. Arch. Neurol. & Psychiat. 40:663 (Oct.) 1938. 
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The muscles earliest and most severely involved are, those of the peroneal and tibial 
groups. Progression of disability usually is slow ; occasionally, after a period of a 
few years the muscles of the shoulder girdle or the hands are involved. Sensory 
defects and fasciculations are absent. The tendon reflexes are reduced or absent. 
In 2 instances enlargement of the calves suggested pseudohypertrophy ; in another 
case one calf was increased in volume, as a result of edema. 

Microscopic examination of muscles in 2 cases of advanced dystrophy showed 
almost complete replacement of muscle fiber by fat, with preservation of cross 
striations in the few remaining muscle fibers. In 1 case studied at autopsy micro- 
scopic examination of the spinal cord at different levels showed that the anterior 
horn cells were normal in number but had undergone atrophic changes, which 
were interpreted as being the result, rather than the cause, of muscular disease. 
No microscopic changes in the peripheral nerves were seen. 

Cases of muscular dystrophy with involvement primarily of the distal muscles . 
were reported by Gowers, Spiller, Batten, Oransky, Barnes and others. Gowers ® 
described a distal form of muscular dystrophy in 2 cases. In his first case, that of a 
youth aged 18 years, with a negative familial history for the disease, onset of 
symptoms was at the age of 12. The affected muscles were those of the lower 
portions of the legs and the hands, forearms and face. The calves were sufficiently 
large to suggest pseudohypertrophy. In Gowers’ second case, that of a woman aged 
23, symptoms began at 16. Three sisters were similarly affected, but no other 
instance in the family could be found. The muscles of the shoulder girdle and the 
entire upper extremities, including the hands, were wasted. In the lower extremities 
wasting was limited to the muscles below the knees. Gowers pointed out that in 
both cases the involvement of the legs was purely distal. 

In Spiller’s ® case, that of a man aged 50, symptoms had started thirty-five years 
previously with pains in the legs and feet. The patient noted no weakness until 
the age of 35 years, when the legs were observed to be getting thinner and some- 
what deformed. Ten years later wasting of the muscles of the forearms and hands 
was noted. Muscular wasting progressed steadily but remained limited to the 
portions distal to the knees and elbows. The patient was unable to work after the 
age of 50 years. Sensory function was normal. 

Batten ’’ reported cases which he called instances of a distal type of muscular 
dystrophy. In his first case, that of a youth aged 18, wasting of the muscles of the 
forearms, legs and thighs was present. In his second report Batten described a 
family in which muscular atrophy was limited to the portions below the knees. He 
emphasized the difficulty of distinguishing cases of this type from those of muscular 
atrophy of the peroneal type. 

Oransky ® described an unusual form of muscular dystrophy in which the 
muscles of the shoulder girdle and peroneal groups were wasted. In some instances 
the muscles of the hands and the distal portions of the thighs were affected. Sensory 
function was normal. The disease began at the age of 18 to 20 years, and the 
course was slowly progressive. Six males and 4 females in four generations were 
affected. Heredity was by a dominant factor. 

5. Gowers, W. R. : A Lecture on Myopathy afld a Distal Form, Brit. M. J. 2:89, 1902. 

6. Spiller, W. G. : Myopathy of the Distal Type and Its Relation to the Neural Form of 
Muscular Atrophie (Charcot-Marie-Tooth Type), J. Nerv. & Ment. Dis. 34:14, 1907. 

7. Batten, F. E. : Distal Type of Myopathy, Proc. Roy. Soc. Med. 3:92, 1909-1910; Distal 
Type of Myopathy in Several Members of a Family, ibid. 3:93, 1909-1910. 

8. Oransky, W. : Ueber einen hereditaren Typus progressiver Muskeldystrophie, Deutsche- 
Ztschr. f. Nervenh. 99:147, 1927. 
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Dawideiikow ® observed a syndrome characterized by muscular atrophy of the 
Charcot-Marie type in the lower extremities and by wasting of the muscles of 
the shoulder girdle and the proximal muscles of the upper extremities. Several of the 
patients had thick fleshy lips similar to the condition seen in muscular dystrophy. 
In addition to his own cases, he collected several from the literature, including 
those of Oransky, which he concluded belonged to the same category. In Dawiden- 
kow’s cases there was hypesthesia of distal distribution in all four extremities, and 
heredity was by a dominant factor. 

In the family reported by Barnes muscular atrophy was limited to the distal 
portions. of the upper extremities. Moreover, the hypertrophy and pseudohyper- 
trophy that preceded the atrophy make it exceedingly unlikely that the condition 
was identical with that seen in our patients. 

Hoffmann and Clauss reported observations on an interesting family in which 
8 members, in three generations, were affected with muscular disability that resem- 
bled a combination of dystrophy and progressive spinal muscular atrophy of the 
Duchenne-Aran type. 

Rimbaud and Giraud described the cases of 3 brothers presenting a distal 
type of muscular dystrophy with onset at about puberty. The early development 
of contractures sharply distinguishes these cases from ours, in which no contractures 
occurred, except in case 5, in which the contractures developed as a result of pro- 
longed inactivity. On the other hand, the cases described by Gowers and Oransky 
in many ways resembled those in the present report. 

The observations at autopsy were more typical of those of progressive muscular 
dystrophy than of Charcot-Marie muscular atrophy, peripheral polyneuritis or 
progressive spinal muscular atrophy. Whereas the spinal cord is often entirely 
normal in cases of progressive muscular dystrophy (Middleton, Schultze,^^ Lan- 
douzy and Dejerine,^® Spiller® and Friesz^®), slight or moderate changes, particu- 
larly in the ganglion cells of the anterior horns, have been reported by many 
observers. 

Alterations in the ganglion cells of the anterior horns in the nature of degener- 
ative changes or diminution in the number of motor cells were reported by Erb and 
Schultze,^' Pekelharing,^® Gibney,’-® Frohmaier,-® Lorenz,^^ Foix and Nicolesco,"" 

9. Dawidenkow, S.: Ueber die scapulo-peroneale Amyotrophic. (Die Familie “Z”). 
Ztschr. f. d. ges. Neurol, u. Psychiat. 122:628, 1929; Scapuloperoneal Amyotrophy, Arch.. 
Neurol. & Psychiat. 41:694 (April) 1939. 

10. Barnes, S. : A Myopathic Family, with Hypertrophic, Pseudohypertrophic, Atrophic 
and Terminal (Distal in Upper Extremities) Stages, Brain 55:1, 1932. 

11. Hoffmann, H., and Clauss, O.: Klinischer und ’ erbbiologischer Beitrag zur Lehre von 
der Muskeldystrophie (Kombination von Erbscher Dystrophie mit spinaler progressive:- Muskel- 
atrophie), Ztschr. f. d. ges. Neurol, u. Psychiat. 106:312, 1926. 

12. Rimbaud, L., and Giraud, G. : Myopathic familiale du type peronier ou distal. Rev. 
neurol. 28:1004, 1921. 

13. Middleton, G. S. : On the Pathology of Pseudo-Hypertrophic Muscular Paralvsis, with 
Remarks on a So-Called Degeneration of the Nervous System, Glasgow M. J. 22:81, 1884. 

14. Schultze, F. : Ueber den mit Hypertrophic verbundenen progressive!! Muskelschwund 
und ahnliche Krankheitsformen, Wiesbaden, J. F. Bergmann, 1886. 

15. Landouzy, L., and Dejerine, J. ; Nouvelles recherches cliniques et anatomo-pathologiques 
sur la myopathic atrophique progressive a propos de six observations nouvelles, dont une avec 
autopsie, Rev. de med. 6:977, 1886. 

, Friesz, J. : Beitrag zur anatomischen Kenntnis der Muskeldvstrophie, Deutsche Ztschr. 
f. Nervenh. 112:318, 1930. 

17. Erb, W., and Schultze, F. : Ein Fall von progressiver Muskelatrophie mit Erkrankung 
der grauen Vordersaulen des Riickenmarks, Arch. f. Psychiat. 9:369, 1879. 

IS. Pekelharing, C. A.; Ein Fall von Riickenmarkserkrankung bei Pseudomuskelhvper- 
trophie, Virchows Arch. f. path. Anat. 89:228, 1882. 

(Footnotes continued on next page) 
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Poinso and Poursines and others. In the case reported by Ballet and Laignel- 
Lavastine muscular disability had been present about twenty years ; at autopsy 
the motor cells of the anterior horns showed simple atrophy and considerable 
diminution in number. In the case reported by us the comparatively minor changes 
in the anterior horn cells can be interpreted as the result of muscular atrophy of 
long duration; certainly, they appeared insufficient to account for the advanced 
muscular wasting. 

In brief, it can be stated that whereas the nature of the lesion in progressive 
muscular dystrophy is not known, the condition can be regarded as primarily affect- 
ing the muscles. However, in certain cases, especially those in which the muscular 
wasting has been of long standing, slight or moderate changes in the spinal cord 
are observed which are interpreted as being the result, rather than the cause, of the 
muscular atrophy. The alterations in our case, interpreted in the light of this 
formulation, are considered to be those of progressive dystrophy. 

SUMMARY 

A family in which progressive muscular dystrophy of atrophic distal type 
developed in 12 members is reported. The onset of symptoms usually was at about 
the age of 33 years (from 28 to 43 years). The muscles earliest and most severely 
affected were those of the legs and feet. Heredity was by a dominant factor. 
Autopsy observations in 1 case were similar to those often made in cases of pro- 
gressive muscular dystrophy. 
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111 1938 Sjoqvist,^ Stockholm, Sweden, described a new operative pro- 
cedure for the relief of facial pain which was based on, and took advantage of, 
the peculiar anatomic and physiologic features of the intramedullary fibers of the 
trigeminal nerve. Briefly, the method involves the making of an incision into the 
lateral aspect of the medulla oblongata, about 3.5 mm. deep and 3.5 mm. long, 
and so placed as to transect the descending tract and spinal nucleus of the trigeminal 
nerve. In this way, half of the face is rendered analgetic and thermanesthetic, 
since the fibers for pain and temperature sense course in the descending tract. 
Tactile sensation, however, is not grossly disturbed because practically all the fibers 
conveying touch sensation terminate immediately in the main sensory nucleus of 
the trigeminal nerve, after entry of the nerve into the brain stem. 

The introduction into neurosurgical practice of such an unusual innovation as 
an operation on the medulla oblongata carries with it the obligation of describing 
and appraising the neurologic sequels which might be imagined to follow an inci- 
sion into so vulnerable a structure. Little information, however, has been pub- 
lished concerning these complications, possibly because attention and interest have 
been focused on the sensory alterations produced by the operation and on the 
clinical results obtained. 

In his monograph,^ which included the case histories of 9 patients on whom 
intramedullary tractotomy was performed, Sjoqvist stated; "No definite signs 
indicating a lesion to the dorsal nuclei were seen in the postoperative course of 
any case.” Again, later, “No symptoms of dizziness or hemiataxia which might 
be interpreted as signs of lesion to the restiform body were seen.” Perusal of his 
protocols, however, offers evidence to the contrary. In his case 9, he remarked 
that after operation the patient’s gait “was more markedly staggering than upon 
admission.” In his case 4, the patient “noticed some feeling of numbness of . . . 
the right side of his body (except the arm),” which Sjoqvist was inclined to believe 
was caused by the operation. 

Other investigators have had similar experiences but, again, have glossed over, 
or at least have failed to emphasize, these neurologic complications. In 1 of the 
3 patients operated on by Rowbottom,® there were "a wild ataxia of the homo- 
lateral arm” and mild ataxia of the leg. These sequelae were said to have dis- 
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appeared in three days. In a case in which Jackson operated but which Smyth ■* 
reported, no disturbances appeared to follow operation immediately. However, 
when the patient was out of bed, two weeks later, pronounced disturbances in gait 
were observed. It was not stated whether or when these disappeared. On the 
other hand, Jackson and Ironside ® stated that there were no postoperative neuro- 
logic difficulties in the case in which they operated. Walker,® with experience 
in 2 cases, briefly stated that the postoperative course was uneventful. 

We ’’ previously reported in detail the nature of the sensory alterations pro- 
duced, and Grant, Groff and Lewy ® described the clinical results obtained by the 
procedure. In this communication, we wish to give an account of the neurologic 
complications observed in a series of 19 cases after tractotomy. Although opera- 
tion was performed in 24 cases, our notes on a number of early cases were regret- 
tably brief, and in a few instances no notes were recorded. Our failure at the 
beginning to sharpen our observations on the neurologic complications following 
tractotomy was due to several circumstances. First, although certain disturbances 
were obvious, little concern was given them and no description made in the records, 
partly because it was assumed that they would be transitory and partly because 
our interest was captured by the sensory alterations in the face. Vigorous attempts 
at neurologic examination were discouraged by the presence of large cerebellar 
dressings, which hindered cooperation and made the subjects poor witnesses. 
Again, in some instances, by the time the patient was out of bed the worst of the 
neurologic disturbances had disappeared and the opportunity to study them had 
passed. 

It was not long, however, before it became evident that the neurologic com- 
plications were neither negligible nor always transitory. The conclusion seemed 
inescapable that if the operation was to compete with other, well tested procedures, 
the technic would have to be so modified as to eliminate the neurologic sequels. 
In a previous article ® Ave outlined certain anatomic objections to the original 
operative description of Sjdqvist and, in turn, recommended a modification in the 
placing of the incision which we believe renders the operation less likely to cause 
neurologic complications. In brief, this modification consists in placing the inci- 
sion about 12 mm. more caudally in the medulla, so that injury to the restiforni 
body and the main and/or the lateral cuneate nucleus is avoided (fig. 1). It is 
admitted that in some of our earlier cases, in which the procedure described by 
Sjdqvist was followed, the medullary incision Avas inaccurately placed. Such inac- 
curacies, hoAvever, are inherent in a technic in Avhich the incision must be placed 
so close to important structures that an error of only 1 or 2 mm. results in injury 
to them. 

4. Smyth, G. E. : The Systemization and Central Connections of the Spinal Tract and 
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and Weinberger, L. M. : Experiences Avith Intramedullary Tractotomy: I. Relief of Facial 
Pain and Summary of Operative Reseults, Arch. Surg. 42:681 (April) 1941. 

8. Grant, F. C. ; Groff, R. A., and Lewy, F. H. : Section of the Descending Spinal Root 
of the Fifth Cranial Nerve, Arch. Neurol. & Psychiat. 43:498 (March) 1940. 

9. Grant F. C., and Weinberger, L. M.: Experiences Avith Intramedullary Tractotomy: 

IV. Surgery of the Brain Stem and Its Operative Complications, Surg., Gynec. & Obst. 
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Becatise of the modification in operative technic, our series of cases fails 
into two periods; cases in which operation was performed before, and those 
in which it was performed after, the adoption of the surgical modification. 
Of the 24 cases in which operation was carried out, the notes in only 19 are suffi- 
ciently detailed for report, for reasons already mentioned. 



Fig. l.—A, Transverse section of the medulla at the level of the middle of the inferior 
olive, showing degeneration of the spinal tract of the fifth nerve; Marchi stain (after Sjoqvist^ 
[fig. 32]). The proposed incision, indicated by the shaded area, involves almost the lower 
half of the corpus restiforme (C. R.). 

B, cross section through the medulla 4 to 5 mm. below the obex and about 2 mm. caudal 
to the olive. The extent of the modified incision is shown by the shaded area. At this 
level the descending tract of the fifth nerve (Tr. V) is most superficial and is covered only 
by a thin band of external arcuate fibers (£. A. F.). The spinal nucleus of the fifth nerve 
(Ahf. V) is also shown to be fairly superficial. 
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.Since autopsy studies are lacking in all but 1 of the cases to be reported, no 
precise correlation can be offered between the clinical disturbances observed and 
the nerve structures injured. However, reflection on the region of the medulla 
concerned permits some general speculation with regard to the structures that may 
have been involved. Further we cannot go; for this reason, our presentation of the 
cases will be purely reportorial. Inasmuch as intramedullary tractotomy is a new 
and still experimental operation, it seems worth while to recount as fully as possible 
our experiences with it, just as they occurred, and to leave for the moment the 
question of anatomicoclinical correlations until more autopsy material is available. 
The cases will be presented in the chronologic order of operation. 

TRACTOTOMIES PERFORMED WITH THE ROSTRALLY PLACED 
INCISION OF SJOQVIST 

Case 1. — J. E., a man aged 74, had major trigeminal neuralgia affecting the second and 
third divisions of the right fifth nerve. Intramedullary tractotomy was performed in April 
1939. 

There was conspicuous incoordination of the right arm immediately after operation. On 
the tenth postoperative day, when the patient was taken out of bed, he was unable to walk 
because of pronounced staggering and falling to the right. At this time there was still 
moderate incoordination of the right arm. 

For several weeks after operation, and after his discharge from the hospital, the patient 
stated that his gait was staggering. It slowly improved over the course of several months. 
He also noticed that his handwriting was jerky and irregular for several months after 
operation. 

He was seen in the follow-up clinic in January 1940, nine months after operation. He 
reported that he was able to walk about the house without difficulty, but that when he 
ventured on the street, he required the use of a cane because of mild unsteadiness of gait. 
Examination disclosed that he walked with a widened base and that there was a moderate 
degree of ataxia. He used his right leg awkwardly and was unable to walk a straight line, 
always stepping to the right. He staggered on attempting a quick turn. The upper portion 
of his body was inclined to the right in a way reminiscent of a man leaning into a wind. 
His right leg showed only slight ataxia in the heel to knee test, much less severe than one 
would expect from his disturbance in gait. There was no trace of incoordination in his right 
arm. His handwriting was excellent. There was no disturbance of sensation in his extremi- 
ties. Power was intact in all extremities, and all the deep reflexes were normal. 

He was again seen in July, fourteen months after operation. He reported that he was 
walking much better and had discarded his cane. He was conscious of tending to veer 
toward the right on walking and was aware that he tended to “throw” his right leg. It 
was sometimes necessary for him to "catch himself” when arising quickly from a chair or 
making a quick turn. On examination, it was noted that his trunk was still slightly inclined 
to the right. When he attempted to walk a straight line, he occasionally lurched to the 
right. He was able to ascend stairs rapidly and to descend them with ease. Except for 
these minor difficulties, his neurologic status was normal. 

All three divisions of the trigeminal distribution were analgetic, and his neuralgia was 
completely relieved. 

While the worst of the neurologic disturbances lasted only a few weeks, the 
patient was considerably inconvenienced for several months. We are inclined to 
believe that the restiform body was injured by the medullary incision. 

2. H. W., a woman aged 65, had intractable pain due to a carcinoma of the left 

maxillary sinus. Intramedullary tractotomy was performed in April 1939. 

Unfortunately, this patient was not examined during her immediate postoperative course. 
However, it was noted that when she was taken out of bed, on the eighth postoperative day, 
there was great unsteadiness of gait and she staggered to the left. She subsequently stated 
that all disturbances in walking passed away two or three weeks after operation. 

She was seen in June, two months after operation, at which time she had no complaints 
referable to the nervous system. Except for slight swaying when she was in the Romberg 
position and a fine nystagmus when she looked to the left, her neurologic condition was 
entirely normal. She was completely free of pain, and all three divisions of the territory 
of the left trigeminal nerve were analgetic. 
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The patient was one of the few who apparently escaped any serious injury 
of the neighboring structures, even though the medullary incision was made high 
in the medulla. Had our experience been limited to 1 or 2 such cases, we should 
also have received the impression that the procedure had few potential hazards. 

Case 3. — W. S., a man aged 53, had a questionably malignant tumor of the left maxillary 
sinus, which caused severe pain. Left intramedullary tractotomy was performed in April 1939. 

The only note on the hospital record stated that after operation there were a moderate 
degree of incoordination of the left arm and moderate disturbance of gait, the patient staggering 
to the left. When he was seen a year later, he gave the following information : He had been 
“wobbly” on his feet for about a month after discharge. The clumsiness of his left hand had 
also disappeared in a few weeks. For several weeks after discharge he experienced numbness 
and tingling in the left hand and fingers. He had considerable weakness of his left hand and 
arm for five of six months after operation. He returned to work seven months after operation, 
when he was well except for slight weakness of his left arm. 

He was seen in the follow-up clinic twelve months after operation, at which time he had 
no neurologic complaints. His neurologic condition was normal. He was entirely free of 
pain, the tumor having been eradicated. Sensory examination of the face showed onh- slight 
hypalgesia in the first division of the trigeminal nerve, although immediately after operation 
there had been analgesia in the first division and pronounced hypalgesia in the lower two 
divisions of distribution in the face. 

This patient had sufficient neurologic disability so that he was not able to return 
to work for six months because of weakness of his arm. It is our impression 
that the alleged weakness was due to interference with postural sensation rather 
than to injury of the motor pathways. This inference is based on his complaint 
of numbness and tingling in the left hand — evidence of injury to the cuneate 
nucleus. This phenomenon will be more clearly illustrated in subsequent case 
reports. 

Case 4. — A. P., a woman aged 51, had a malignant tumor of the parotid gland. Left intra- 
medullary tractotomy was performed in April 1939. 

Immediately after operation members of the staff noted marked incoordination of the left 
arm. The performance of rapid alternate movements in the arm was noticeably impaired. This 
disturbance improved gradually after the patient’s discharge from the hospital and eventually 
disappeared, although it is not known how long this required. A letter received from the patient 
about six months after operation, and written by herself, showed an even, regular script. 

After operation there were analgesia in all three divisions of the trigeminal nerve and 
complete relief of pain. 

Our information is fragmentary, but it appears that the patient suffered little 
inconvenience from the operation. Unfortunately, she was not carefully examined 
after operation. 

Case 5. — M. T., a woman aged 63, had major trigeminal neuralgia involving the third 
division of the left nerve. Intramedullary tractotomy was performed in May 1939. 

Immediately after operation the left arm showed marked incoordination, which persisted 
during the patient’s stay in bed, although it slowly diminished. There was no loss of power 
in the left extremities and no disturbance of sensation in the left arm. When the patient was 
placed on her feet, on the seventh postoperative day, she was unable to walk unsupported because 
of ataxia and falling to the left. Her gait, however, rapidly improved, and she was able to 
walk unsupported at the end of the second postoperative week, although her gait was slow and 
guarded. At the time of discharge, on the nineteenth postoperative day, there was no longer 
ally incoordination in her arm. The disturbances in gait, as we were subsequently informed, 
lar^Ij' disappeared within two or three weeks after operation. 

patient was seen in December, six months after operation. At that time the only 
imculty she noticed was a tendency to lurch to the left when she arose quickly from a chair 
or made a sudden turn. The results of neurologic examination were entirely normal except 
tiat the tendenc 3 " to lurch on quick movement was confirmed. 

bhe was again seen in the follow-up clinic in July 1940, thirteen months after operation. 

neurologic complaint of an}-^ kind, nor did examination disclose any neurologic 
IS urbances. The left side of her face, which had been completeb^ analgetic after operation, 
la now regained^ sensation completeU% There was no return of the neuralgia, although she 
occasionally experienced slight quivering and burning sensations at the angle of the mouth. 



670 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Although the incision in this case was also made high in the medulla, the sub- 
sequent neurologic complications were mild and lasted but a few weeks. Their 
brief duration may have been due, however, to the fact that the incision was not 
made deep enough to produce lasting analgesia. Had this been done, it is possible 
that the neurologic complications would have been more severe. Our reason for 
saying this will be stated later. 

Case 6. — R. A., a man aged 49, had symptomatic trigeminal neuralgia involving the second 
division of the left nerve, apparently due to multiple sclerosis. Neurologic examination before 
operation showed moderate ataxia of gait and moderate incoordination of both upper extremities, 
tremor of the head, nystagmus, slight spasticity of the legs, hyperreflexia and a Babinski sign 
on the left side. Left intramedullary tractotomy was performed in June 1939. 

After operation there was a decided increase in the ataxia of the extremities on the left 
side. The patient was able to walk with a little support. No other notes were made during 
the immediate postoperative period. There were analgesia of the lower two divisions of distribu- 
tion of the trigeminal nerve in the face and relief from neuralgic pain. 

The patient was seen in September, two and one-half months after operation. He stated 
that since operation his gait had been so unsteady that people thought him drunk. Examination 
showed severe difficulty in gait, with staggering to the left, but he could walk unsupported. 
Although there was considerable ataxia of all four extremities, the left arm and the left leg 
were more affected than the right. Difficulty in performing rapid alternate movements was 
especially noticeable in the left arm. Sensation was intact in all extremities. 

The patient was seen again in May 1940, eleven months after operation. He still complained 
of difficulty in gait and required support to walk. Although he was ataxic in all extremities, 
the left arm and leg were more affected than the right. The sensory defect produced in his' 
face by operation had largely disappeared, and he again experienced attacks of trigeminal 
neuralgia. He was readmitted to the hospital, and a retrogasserian neurectomy was performed. 

It is difficult to pass judgment on the neurologic effects of tractotomy in this 
case because of the associated diffuse disease of the central nervous system. It 
may be, of course, that the increase in symptoms represented merely the usual 
progression of the disease. On the other hand, the patient was more incoordinate 
after the operation than before ; so we feel that the operation must be held respon- 
sible for part, if not for all, of the increase in symptoms and signs. It must not 
be overlooked, however, that neurologic compensation is less likely to occur in an 
already severely damaged nervous system, and this may explain the patient’s pro- 
tracted difficulties from our incision, even though it was not deep enough ade- 
quately to relieve pain. 

Case 7. — F. W., a man aged 65, had a painful carcinoma of the right cheek. Right intra- . 
medullary tractotomy was performed in August 1939. 

On the second postoperative day a confusional psychosis developed, and the patient was 
entirely inaccessible to examination. He was taken out of bed on the tenth postoperative day 
and placed on his feet. He could not stand or walk without support and constantly fell to 
the right. The pronounced incoordination of gait was still present on the thirteenth day, when 
it became necessary to remove him to an institution. He remained psychotic until his death, 
two months later, and we were unable to obtain any further information concerning his 
neurologic status. 

Although we were not able to examine this patient, it was our impression that 
there was considerable neurologic disability, most evident in disturbances of gait 
and equilibrium. 

Case 8. — E. V. B., a man aged 56, had major trigeminal neuralgia affecting the second 
division of the right nerve. Right intramedullary tractotomy was performed in August 1939. 

Immediately after operation incoordination was marked in the right arm and present, although 
mild, in the right leg. When he was placed on his feet, on the eleventh postoperative day, there 
were considerable staggering and falling to the right. At the time of discharge from the 
hospital, on the sixteenth postoperative day, he still required support in walking because of 
staggering. He subsequently told us that there was a decided stagger in his gait for several 
weeks after discharge and that because of it he was not able to walk straight. His family 
noted that he tended to incline his trunk to the right side and that he veered to the right when 
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walking. His right arm also remained awkward and clumsy for several weeks after his return 
home. He had not noted any unusual sensations in his hand. 

The patient was seen in the follow-up clinic in January 1940, five months after operation. 
He admitted that there was still slight disturbance in gait, which was not noticeable under 
ordinary circumstances. He had gone back to work as a carpenter but noticed that he 
frequently missed nails that he was hammering and that his arm felt a little clumsy^ when 
he was using tools. The latter complaint was largely subjective, since his work did not 
suffer because of it. 

Examination showed little neurologic disturbance. He walked with a slightly widened 
base and lurched occasionally to the right when making a sudden turn on command or when 
walking fast. With his eyes open, he walked in a perfectly straight line but tended to veer 
to the right with his eyes shut. In spite of the alleged clumsiness of his right arm, clinical 
tests failed to show any evidence of incoordination. The rest of the neurologic examination 
also gave normal results. 

The patient was seen again in the follow-up clinic in July, eleven months after operation. 
He still noticed that when he walked too fast or too far his gait became a little unsteady 
and he tended to veer to the right. His ability to use hammer and nails had improved, and 
he stated that he only occasionally missed. On examination he made an occasional sideward 
step to catch himself when he was walking with his eyes closed. Other than this minor 
defect, the results of neurologic examination were normal. Sensory examination of the face 
showed analgesia in all three divisions of the fifth nerve, and there was complete relief of 
pain. 

The neurologic complications observed in this case were probably due to asso- 
ciated injury of the restiform body. The patient was largely incapacitated for two 
or three weeks after operation but made an essentially complete recovery within 
four to six weeks after operation. 

Case 9. — R. J., a man aged 45, had carcinoma of the tongue and severe, intractable pain. 
Left intramedullary tractotomy was performed in December 1939. In addition, the glosso- 
pharyngeal nerve and the posterior roots of the upper three cervical nerves were sectioned. 

Examination on the second postoperative day revealed pronounced incoordination of the 
left arm when the eyes were closed and a somewhat less severe disturbance with the eyes 
open. Investigation showed that, in addition to the cerebellar component, there was a con- 
siderable degree of ataxia in the left arm referable to the posterior column. Postural sensa- 
tion was almost absent in the fingers and was decreased as high as the elbow. There were 
pseudoathetotic movements of the fingers of the left hand. Power was decreased almost 
50 per cent in the left arm and the left hand grip as compared with that in the right. The 
deep reflexes in the left arm were slightly decreased as compared with those in the right 
arm. Power was intact in the lower extremities. There was slight ataxia in the left leg 
in the heel to knee test. The patient complained of numbness and tingling in the fingers of 
the left hand. In spite of the impairment in postural sensation, vibratory perception in the 
fingers of the left hand was equal to that in the fingers of the right hand. There was no 
loss of cutaneous sensation. 

During the subsequent postoperative days the incoordination of the left arm lessened and 
power slowly returned. Nine days after operation, however, there was still considerable 
impairment of postural sensation in the hand and fingers on the left side. The hand was 
numb and tingling. At this point examination revealed no disturbances in stereognosis, 
although objects were handled clumsily. When the patient was placed on his feet, he was 
unable to stand or take steps unsupported, but staggered and fell to the left side. He seemed 
utterly unable to maintain his body balance. Although there was still incoordination of the 
left arm, little or none was elicitable in the left leg by ordinary tests; it seemed, therefore, 
that the disturbances in equilibrium could hardly be accounted for on the basis of involve- 
ment of the cerebellar pathways. The phenomenon appeared to be vestibular. 

^ When he was discharged, on the fourteenth postoperative day, he was still unable to walk 
without^ assistance, although the ataxia was less severe. The disturbances in the left arm 
were still present, but were greatly improved over his immediate postoperative status. 

^ The patient lived two and one-half months after operation. A letter received from his 
wife just before his death stated that he was able to walk but staggered to the left, that 
his left arm and hand were clumsy and that he still experienced numbness in the left hand. 

After operation there were analgesia in all three divisions of the trigeminal nerve and 
analgesia and anesthesia of the pharynx and the left side of the neck. The patient was free 
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of pain until shortly before he died, at which time pain developed in the top of his head, 
doubtlessly as a result of metastases. 

From the nature of the neurologic disturbances, it is likely that the cuneate 
nuclei, as well as the restifonn body, were injured by the medullary incision 
although the production of analgesia of the face indicates that the incision was 
placed with some degree of accuracy. The peculiar disequilibrium, which appeared 
to be vestibular in nature, raised the suspicion that the vestibulospinal tract was 
injured. This case illustrates the potential hazards of an incision placed in such 
close proximity to important nuclei and tracts. Had the patient lived longer, 
there would doubtless have been considerable improvement in his neurologic 
status; he was, nevertheless, seriously handicapped for two and one-half months. 

Case 10. — C. K., a man aged 55, had a carcinoma of the tongue which was infiltrating 
the mandible and causing severe, intractable pain. Right intramedullary tractotomy was 
performed in January 1940. 

Twenty-four hours after operation examination disclosed wild incoordination of the right 
hand, the arm being useless for almost any task. The patient complained of feelings of 
numbness and tingling in his right hand and fingers. There were conspicuous pseudoathe- 
toid movements of the outstretched hand and fingers. Postural sensation was almost absent 
in the fingers and considerably impaired at the right wrist. There was definite dys- 
stereognosis in the right hand, the patient being unable to identify simple objects, although 
he could recognize some of their attributes, such as roundness or angularity. He could not 
differentiate cloth from paper or roughness from smoothness. In addition, he could not 
properly estimate the weight of objects placed in his right hand. He consistently stated 
that the object in his right hand was lighter than that in the left, when in reality it was 
considerably heavier. Vibratory sensation, as tested with the clinical tuning fork (128 
double vibrations per second), was as well perceived in the hand and fingers on the right 
side as in those on the left. There was mild weakness of the right arm and the right hand 
grip. The right leg showed only slight incoordination in the heel to knee test. Cutaneous 
sensation was intact in both right extremities. Nystagmus was not present. 

On the third postoperative day the status was much the same except that the signs had 
all diminished in intensity. The weakness of the grip in the right hand seemed more evident, 
however. Sensory examination of the face disclosed only slight hypalgesia in the lower two 
divisions of the fifth nerve. 

On the seventh postoperative day there was still pronounced incoordination of the right 
arm, which seemed to be about equally compounded of cerebellar dyssynergia and posterior 
column ataxia. Power was still noticeably reduced in the right hand and the right arm. 
The deep tendon reflexes in the right arm were less active than those in the left. Postural 
sensation was still greatly impaired in the fingers of the right hand. Vibratory sensation 
was intact. There was still dysstereognosis in the right hand. The incoordination of the 
right leg had almost disappeared. His neurologic condition slowly improved, although his 
general condition was poor. He was discharged on the sixteenth postoperative day. 

The patient was examined in his home twent 3 ^-four days after operation, and two weeks 
before his sudden death from laryngeal edema. At the time of examination he was found 
sitting in an easy chair. He had not been able to feed himself because of the incoordination 
in his arm. He was able to stand unsupported with his legs spread wide apart but promptly 
fell to the right on his attempting the Romberg maneuver. When he fell, he made no 
movements of postural adjustment to "catch himself,” but fell en masse, like a statue. When 
he was supported and encouraged to take steps, his trunk inclined far to the right. The 
tilting of the body, the tendency to fall and the pronounced staggering reminded one of a 
severe vestibular disturbance. The extreme disturbance of equilibrium and the trunkal ataxia 
were entirely out of proportion to the slight evidence of incoordination in the right leg when 
the patient was tested lying down. On attempting to walk, however, he handled his right 
leg awkwardly. There were decided “drifting” of his right arm when it was held out- 
stretched and constant pseudoathetoid movements of the fingers, of which he was not aware. 
The incoordination of the right arm was still pronounced, but considerably less so than 
when he was discharged from the hospital. The impairment of postural sensation in the 
fingers and hand on the right side was about the same as at the time of discharge, being 
almost complete in the fingers. The dysstereognosis was still present, the patient being able 
to do no more than recognize certain qualities of objects placed in his hand. Vibratory 
perception and cutaneous sensations were intact in the right hand. Two point discrimination 
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was slightly impaired. He was still unable to judge the relative weights of objects with 
his right hand. There was no alteration of tone in the right arm, but the weakness of the 
hand grip was still easily evident. 

It was the examiner’s opinion that there had been moderate improvement in the incoor- 
dination of the right arm but that the impairment of postural sensation in the right hand 
and the disturbance of gait had shown little or no improvement since the patient’s dis- 
charge from the hospital. There was slight hypalgesia in the lower two trigeminal divisions 
of the face. This had been sufficient to ameliorate his pain, but not to relieve it entirely. 

In this case, and in case 9, the evidences of neurologic injury were most severe. 
One wonders how long it would have taken for complete recovery to have occurred. 
Apparently, neurologic compensation takes place more quickly when the injury 
is confined to the restiform body than when both it and the cuneate nuclei, and 
possibly the vestibulospinal pathways, are injured. Moreover, the disturbances 
in postural sensation and in equilibrium appear to persist longer than does the 
cerebellar dyssynergia. 

It was realized at the operating table that the incision had been extended too 
far dorsally and that the restiform body and the cuneate tubercle had been partly 
cut across. It was thought at the time, although proved wrong later, that the 
incision had been deep enough to sever the descending tract of the trigeminal nerve. 
Although permission for autopsy was not granted, and therefore the exact extent 
of the lesion could not be verified, it is believed that the neurologic signs witnessed 
represented the combined S3mdrome of the restiform body and the cuneate tubercle. 
The vestibulospinal tract was possibly also injured. The interesting and important 
physiologic information derivable from instances of this kind will be discussed in 
a subsequent communication. 

TRACTOTOMIES PERFORMED WITH THE MODIFIED IXCISION 

The opportunity to perform autopsy in a case in January 1940 in which opera- 
tion had been done in May 1939 furnished us with a clue that led to modification of 
the technic. When the brain stem was sectioned, it was observed that the medullai'y 
incision had been made 8 mm. below the level of the obex, whereas we had pre- 
vioush’’ been accustomed to make it several millimeters above the level of the 
obex (fig. 2). This fact had not been recognized at the operating table. 

However, as the subsequent history (case 11) shows, the patient had complete 
analgesia in all three divisions of his face. This observation suggested that, 
contrary to general opinion, all divisions of the trigeminal nerr^e are represented 
in the descending tract at a low level in the medulla. It had been thought that 
the fibers from the mandibular and maxillary divisions terminated in the spinal 
nucleus of the trigeminal nerve at a rather high level in the medulla, which may 
have accounted for Sjdqvist’s placing the incision in the descending tract at a 
point opposite the open fourth ventricle. With this new information, it was 
apparent that the incision could be made routinely at a more caudal level of the 
medulla, with, at the same time, much less chance of injuring the restiform body. 
Because the lower portion of the medulla could be visualized more clearly, there 
was also less likelihood of injury to the posterior column or the cuneate tubercle. 
The subsequent 8 cases, cases 12 to 19, illustrate the results of the modification. 

C.-vsE 11. — H. H., a man aged 55, had carcinoma of the right mandible. Right intra- 
medullary tractotomy combined with section of the glossopharyngeal nerve and the posterior 
roots of the upper three cervical nerves was performed in May 1939. There was no infor- 
mation on the immediate postoperative course, but the note at the time of discharge stated 
briefly that there were pronounced staggering and falling to the right but no incoordination 
of the right arm. 

The patient was examined at another hospital in January 1940, eight months after opera- 
tion and three weeks before his death. He had undergone resection of the mandible several 
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weeks previously, as a result of which he could not speak; the neurologic histoiy in the 
interval could not, therefore, be obtained. The patient was able to stand and walk unsup- 
ported, although his base was widened and he occasionally lurched to the right. The upper 
part of his trunk was slightly inclined to the right. He fell to the right on performing the 
Romberg maneuver. There was no evidence of weakness or of incoordination in his right 
arm. There was slight ataxia in the right leg in the heel to knee test. All the reflexes 
were equal on the two sides. 



Fig. 2. (case 11). — A, postoperative photograph of the patient, showing areas of sensory 
loss. The numeral 40 with the line drawn through it means that more than 40 Gm. of 
pressure with a Head algesiometer failed to provoke pain sensation — in other words, analgesia. 

B, section through the medulla 7 to 8 mm. below the obex. The demyelinated, wedge- 
shaped area of destruction represents the site of the surgical incision (tractotomy), which encom- 
passes the descending tract and the spinal nucleus of the trigeminal nerve. Judging from 
the complete analgesia of the right half of the face, all three divisions of the trigeminal 
nerve are represented in the descending tract at this level of the medulla. 

Sensory tests disclosed hypalgesia of the left side of the body and extremities, with 
preservation of touch sensation. The right side of his face was analgetic, and the pharynx 
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and the right side of his neck were anesthetic and analgetic. The analgesia of his face and 
neck was so profound that the resection of the mandible had been accomplished without the 
use of an anesthetic agent. 

The patient^s extreme cachexia and weakness enhanced the neurologic signs, 
which, however, were not extreme. As a matter of fact, it is difficult to account 
for their presence, since sections of the brain stem secured at autopsy (fig. 2) 
showed that neither the restiform bod}'' nor the cuneate nucleus had been injured. 
This was the only case in our series in which a crossed sensory syndrome (Wallen- 
berg syndrome) occurred as a complication. Possibly the result indicates that the 
incision was placed a trifle too deep and ventral. 

Schwartz and O’Leary recently reported on an experimental operation in 
which they transected the lateral spinothalamic tract in the medulla oblongata for 
the relief of pain in the upper portion of the arm and the upper part of the chest, 
areas which are difficult to render analgetic by the classic chordotomy. They 
succeeded in producing hypalgesia of these regions by incising the medulla to a 
depth of 6 mm. at a point just dorsal to the caudal end of the inferior olive. The 
concept of section of the spinothalamic tract in the medulla for the relief of pain 
about the shoulder and neck had occurred to us in 1939, as a result of our experi- 
ences with tractotomy, but a suitable case did not present itself. However, the 
feasibility of the procedure is confirmed by our experience in a case in which the 
lateral spinothalamic tract was inadvertently severed at operation, in 1939. 

As has been mentioned, the significant observation derived from this case is 
that analgesia of the face may be produced by an incision more caudal than had 
heretofore been made. In the next case to be described the incision was deliberately 
placed more caudally than in the earlier cases, although not as far as that in 
case 11. 

Case 12. — ^J. S., a minister aged 58, had severe major trigeminal neuralgia involving the 
first and second divisions of the left nerve. Left intramedullary tractotomy was performed 
in March 1940. 

The patient was carefully examined eight hours after operation. There was wild incoor- 
dination of the left arm, so severe that he struck himself in the face on attempting to touch 
his nose. He complained of numbness and tingling in the left hand and fingers. Postural 
sensation was absent in the fingers of the left hand and was greatly impaired at the wrist. 
Vibratory perception was intact, however. Stereognosis was not disturbed in the left hand. 
Power seemed to be equal in the two upper extremities. There was moderate incoordination 
of the left leg. 

The patient was again examined forty-eight hours after operation. There was rotatory 
nystagmus on his looking to the right. The incoordination of the left arm was pronounced, 
but was less severe than immediately after operation. The incoordination was due as much 
to loss of postural sensation in the hand as to the cerebellar components. He still com- 
plained of numbness and tingling in the left hand. 

On the fifth postoperative day the incoordination of the left arm was much decreased. 
He was able to recognize the position of his fingers in space when the stimulus was strong. 
Power was equal in his upper extremities. There were no disturbances in cutaneous sensa- 
tion. The left leg showed mild ataxia in the heel to knee test. The nystagmus had 
disappeared. 

The patient was taken out of bed on the sixth postoperative day. He was entirely unable 
either to stand or to walk because of severe disturbance of equilibrium. He spread his legs 
far apart in an effort to stand but promptly fell over to the left. There were no reactions 
of defense in order to balance himself, and he fell over like a toppling statue. 

On the seventh postoperative day the patient was able to stand unsupported with his legs 
straddled, but fell over on attempting to take a step. The upper part of his body tilted far 
over to the left. The inclination of the trunk, the severe disturbance of equilibrium and the 
inability to make defensive balancing motions, along with the immediate falling to the left 

10. Schwartz, H. G., and 0’Lear3’’, J. L. : Section of the Spino-Thalamic Tract in the 
Medulla with Observations on the Pathwaj^s for Pain, Surgery 9:183, 1941. 
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when he attempted to walk, seemed to represent a severe vestibular disturbance. The left 
leg was handled clumsily but showed only slight incoordination in the heel to knee test, far 
less than one would expect from the disturbance of gait. The left arm showed now only 
a mild degree of incoordination, and the patient could use it for simple tasks. He com- 
plained of tingling in the left hand, but the sense of numbness had disappeared. The dis- 
turbance in postural sensation in the fingers had largely disappeared, although it was still 
present to a slight degree. 

On the eighth postoperative day the the patient was able to take a few steps by carefully 
watching his feet but fell over on looking away. His trunk was carried strongly inclined 
to the left. He stood with his legs wide apart and fell over on bringing them together. 
The incoordination of his left arm was slight, and there was only mild impairment in the 
performance of rapid alternate movements. A slight rebound phenomenon was elicitable in 
the left arm. In the left leg there was just a trace of ataxia when he performed the heel 
to knee test. The disturbance of postural sensation in the left hand had disappeared, although 
he still complained of a continuous tingling sensation. The striking observation was the 
marked disturbance in equilibrium and body posture, as compared with the slight evidences 
of incoordination when the extremities were tested separately. 

On the tenth postoperative day the patient was able to walk the length of the hospital 
room unsupported, but he moved with short, shuffling and guarded steps. He frequently 
staggered and lurched to the left and completely lost his balance on making a turn. His 
inability to make the necessary postural adjustments to rescue himself from falling was still 
conspicuous. There was no longer any evidence of dysinetria or dj^ssynergia in the left arm, 
as judged by the usual tests. Past pointing was not present. 

On the twelfth postoperative day he was able to walk fairly well unassisted, although he 
staggered to the left every six or eight steps. His gait was shuffling and guarded; when 
he was encouraged to take long steps, his gait became unsteadj', he would cross his legs 
and, if not caught, would fall. He was able to stand in the Romberg position for ten or 
twelve seconds ; then he would sway and fall over. The usual reactions of defense to 
threatened loss of balance were absent. He made no attempt to throw out his arms or shift 
his stance or center of gravity, but fell over like a statue. He stated that he did not realize 
he was falling until it was too late to regain balance. If his pelvis was passively tilted 
backward or to the left, he made no counterreflexes to regain equilibrium. Although the 
left arm and hand showed no neurologic abnormalities, he still complained of tingling in 
his fingers. 

He continued to improve from day to day, and on the sixteenth postoperative day his 
gait and postural reactions showed only mild disturbances. He walked freely but tended to 
veer to the left and occasionally made a sideward step. He could not, however, walk a line 
or balance himself standing heel to toe. He was able to stand in the Romberg position. 

The patient was discharged on the eighteenth postoperative day. At this time his gait 
was almost normal except that he occasionally lurched to the left. He still staggered a 
little on making a sudden turn. The postural reactions to his being placed off balance 
were still greatly impaired, although they were improved. He was able to walk up stairs 
easily but not down stairs, as he could not balance himself and would have plunged headlong 
if he had not been protected. He had a subjective feeling of insecurity in using his left 
hand, but the usual gross tests showed nothing abnormal. 

There was analgesia of all three divisions of the trigeminal nerve on the left side of his 
face, with complete relief from pain. 

The patient was seen in the follow-up clinic in April, just one month after operation. 

Except for minor difficulties, his neurologic status was normal. He walked with a slightly 

widened base. When he rose quickly from a chair, he lost balance and tended to stagger 
to the left. He walked freely and easily. He stated that his left hand was a little clumsy 

in handling table utensils or buttoning his clothes, but the usual tests showed nothing abnor- 

mal. There was still a deficiency in making his postural adjustments to regain equilibrium 
when his body was passively tilted to the left. 

A letter was received from the patient in July, three months after operation. He had 
resumed his ministerial duties. There were several minor complaints. The tingling still 
persisted in his fingers but was mild. He confessed to a little awkwardness in the use of 
his left hand when he performed complicated movements. He had typewritten his letter, 
and he apologized for the many errors in it, saying that the fingers of his left hand did not 
hit the keys properly. When he was fatigued or when he walked too long, his gait became 
a little unsteady. Other than these complaints, he was vigorous and in perfect health. He 
was well pleased that his neuralgia had been relieved without production of numbness in 
his face. 
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Because the neurologic signs were studied more intensively in this case than 
in any other, one may have the impression that the postoperative neurologic com- 
plications were severe. As a matter of fact, the patient had recovered, for all 
practical purposes, on the thirteenth to fifteenth day after operation. However, it 
appears that the incision was made still too far rostrad and that the restiform 
body and the cuneate nuclei were injured, although not seriously so. From the 
experience gained in this case, it was decided to move the incision a trifle more 
caudally and ventrally in subsequent cases. 

Case 13. — N. E., a woman aged 47, had major trigeminal neuralgia affecting the second 
and third divisions of the right nerve. Right intramedullary tractotomy was performed in 
April 1940. 

Eight hours after operation the patient was comfortable and cooperative. Slight nystag- 
mus was present on her looking to the right. There was slight incoordination of the right 
arm. Power was unaffected, and the reflexes were equal on the two sides. There were no 
tingling sensations in the right hand, and postural and all other modalities of sensation were 
intact. 

Twenty-four hours after operation there was just a trace of incoordination in the right 
arm. Alternate movements were well performed, but a slight degree of rebound phenomenon 
was noted in the left arm. There was no incoordination in the right leg. Stereognosis was 
intact. There was analgesia in all three trigeminal divisions of the face. 

On the third day after operation there was no evidence of any neurologic abnormality 
when the patient was examined in bed. She was then placed on her feet, but she could 
neither stand nor walk unsupported. There was severe disturbance of equilibrium, and she 
was utterly unable to balance herself. On falling she made no efforts to regain her balance 
through the use of the usual posture reflexes. Again, the disturbances in gait and equilib- 
rium were accompanied by complete absence of cerebellar symptoms when she was examined 
in bed. 

On the fifth postoperative day she was able to walk a few steps unsupported, although 
her base was widened and she lurched to the right. She always “caught” herself, however, 
and did not fall. She was unable to stand in the Romberg position but fell promptly to the 
right.' 

On the seventh postoperative day her gait had so improved that she was able to walk 
unsupported. Her gait was slow and guarded, however, and she frequently staggered to 
the right. She could not walk a straight line, stand with her feet together or stand in the 
heel to toe position. She still was unable to make the correct postural adjustments to 
regain balance when her pelvis was passively tilted to the right. 

Her neurologic difficulties rapidly cleared up, and she was discharged on the thirteenth 
postoperative day. With minor exceptions her gait and equilibrium were normal. She stated 
that her right leg felt a little awkward, and when she walked the right leg swung farther 
laterally than the left. If she was forced to walk rapidly, she tended to stagger to the 
right. With her eyes closed she veered to the right. She was still unable to walk in a 
straight line. 

The patient was seen in the follow-up clinic in May 1940, one month after operation. 
She noted a little clumsiness of the right leg on going up or down stairs, but otherwise 
felt entirely well. She was taking complete care of her house. On examination, nothing 
abnormal could be detected until she was asked to descend stairs. Then it was noted that 
her right leg did not act with quite the facility of the left. 

She was again examined in June, two months after operation. No neurologic signs could 
be observed. She was relieved of her neuralgia, and sensory examination showed analgesia 
in all three divisions of the trigeminal nerve. 

The patient made a quick recovery and was, for all practical purposes, neuro- 
logically normal by the eighth or ninth postoperative day. This case demonstrates 
why a patient must be examined directly after operation if one is to observe the 
neurologic disturbances. If this patient had been kept in bed eight or nine days 
before we tested her gait, we should not have known that there was any disturbance 
and therefore should have thought that the complications were very mild and 
transient and that they were confined to the arm. By getting the patient out of 
bed on the third or the fourth day we were able to observe phenomena that other- 
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wise would have been missed. At this stage we felt that we had fairly well solved 
our problems concerning the placement of the incision. Further experience seemed 
to confirm this belief, although, as will be shown, the results were not constant. 

Case 14. — A. W., a woman aged 63, had major trigeminal neuralgia involving the third 
division of the left nerve. Left intramedullary tractotomy was performed in June 1940. 

The patient was examined five hours after operation. There was no incoordination of 
the left arm. Nystagmus was not elicited. Sensation was intact in the left hand and fingers, 
and there were no subjective complaints. Analgesia existed in all three divisions of the 
trigeminal nerve. 

Twenty-four hours after operation the patient was perfectly comfortable. A complete 
neurologic examination gave entirely normal results. 

The patient was taken out of bed on the seventh postoperative day. She walked slowly 
and guardedly, but not more so than one would expect to see in an elderly woman who 
had been confined to bed for a week after a cranial operation. There were no evidences 
of neurologic disturbance. She was discharged on the twelfth postoperative day, with com- 
plete relief of her neuralgia and with analgesia of all three divisions of the trigeminal nerve. 

Tills patient, who was observed intently, showed no evidence of neurologic 
injur}'’ after operation, a fact which we assign to the modification in technic. 
Although we did not examine her gait until the seventh postoperative day, its 
normality at that time argues against any considerable disturbance earlier in the 
postoperative course. 

Case 15. — R. P., a man aged 74, had carcinoma of the lower gum on the left side. Left 
intramedullary tractotomy was performed in June 1940. 

Eight hours after operation neurologic examination showed that the left upper extremity 
was normal in all respects. The patient had no complaints referable to it. There seemed 
to be slight incoordination of the left leg, as indicated by the heel to knee test. 

The patient was placed on his feet on the second day. He could stand unassisted with 
his legs spread apart, but fell to the left on placing his feet together or on attempting to 
take a step. The disturbance in equilibrium was far greater than one would expect from 
the results of neurologic examination with the patient in bed. The left leg was handled 
clumsily. 

The disturbances of gait rapidly improved, and by the seventh postoperative day the 
patient was able to walk around the ward. His gait was guarded, and the steps were short, 
but this was due to his age and general weakness rather than to injury of the nervous 
system. On the ninth postoperative day an abscess of the left calf developed as a result of 
thrombophlebitis. He was not able to be out of bed again until the twenty-fifth postopera- 
tive day. At this time his gait showed no disturbance due to any neurologic disability, but 
because of his weakness, long hospitalization and loss of weight, it was shuffling and slow. 
He was discharged on the twenty-ninth postoperative day. The pain in his face was not 
completely relieved but was greatly improved. There was only slight hypalgesia in all three 
divisions of the trigeminal nerve. 

We felt that by the seventh postoperative day the patient had recovered from 
whatever neurologic insult was present. Had he remained in bed for a week before 
complete neurologic examination, we should have thought that there was no neuro- 
logic impairment, since nothing was observable in the arm. The incision, obviously, 
was not made deep enough, since sensory tests of the face indicated that the 
descending tract had not been entirely transected. Although this error made the 
result somewhat unsatisfactory, the absence of severe or persistent neurologic signs 
again suggested that the major complications of the operation could be avoided 
by placing the incision in the descending tract 4 to 6 mm. below the obex. 

Case 16. G. S., a man aged 49, had bilateral major trigeminal neuralgia affecting the 

second and third divisions on the right side and the second division on the left side. Left 
intramedullary tractotomy was performed in September 1940. At the same time, the sensory 
root of the right trigeminal nerve was sectioned in the posterior fossa. 

Immediately after operation there was considerable incoordination of the left arm. The 
patient also complained of numbness and tingling in the left hand. There was no gross 
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disturbance either in postural sensation or in stereognosis. The left leg was clumsy when 
the patient was taken out of bed on the seventh postoperative day, and there was consider- 
able staggering to the left. Improvement was rapid, and on his discharge the staggering 
was much less severe. 

The patient later stated that he continued to lurch to the left side for about three months 
and that his left hand was awkward for about two months after operation. He was seen 
in the follow-up clinic in February 1941, five months after operation. He still complained 
of some unsteadiness of gait and the tendency to lose his balance and fall to the left. While 
shoveling coal, he had lost his balance and fallen, slightly injuring his knee. In addition, 
he stated that there was a sensation of numbness in his left forearm, which "ran down” into 
his thumb. His thumb constantly prickled. Examination showed slight incoordination in 
movements of the left arm. 

He was again seen in the follow-up clinic in June, nine months after tractotomy. He 
stated that the tingling sensation still persisted in his left thumb, although it was much less 
marked. He also noticed that he frequently dropped table utensils from his left hand with- 
out realizing it until after they fell. When he did not “watch himself,” he tended to stagger 
to the left. .On examination it was noted that he used his left leg a little awkwardly and 
that with his eyes shut he veered and occasionally lurched to the left, although he always 
recovered himself. He was able to walk heel to toe with his eyes open. On descending 
stairs, he kept close to the wall, as he was unsteady. Except for these minor disturbances, 
his gait gave him no trouble. There was no evidence of incoordination in the usual tests. 
With his eyes closed, however, he could not place his finger accurately on the point of his 
nose. This appeared to represent a slight difficulty in postural sensation, but ordinary tests 
could not disclose any gross disturbance. He could identify all objects, as well as textures, 
with his left hand, but greater subjective effort and more time were required than with the 
right hand. Vibratory perception was intact, as were all modalities of cutaneous sensation. 
The left leg was slightly, but definitely, clumsy in the heel to knee test. 

The right side of his face was entirely anesthetic as a result of section of the root. The 
left (tractotomized) side of his face was hypalgetic in the first division and moderately 
hypalgetic in the third division of the trigeminal nerve. In the second division there was 
only a slight degree of sensory loss, and this was patchy. The patient complained of attacks 
of "soreness” in the second division, associated with twitching sensations, which probably 
represented a beginning return of the trigeminal neuralgia. 

Ill Spite of precautions to place the incision at least 5 mm. below the level of 
the obex, there was undoubtedly some injui'y of the corpus restiforme and the 
cuneate nuclei. However, the neurologic disturbances, although fairly pronounced 
and persisting for several months, were not nearly as severe as those noted in some 
of the earlier cases. This case, again, illustrates how it is possible to injure impor- 
tant structures without securing adequate analgesia in the necessary trigeminal 
division, an example of the capricious results that are not always avoidable with 
tractotomy, even though great care is taken in placing the medullary incision. 

Case 17. — B. Alt., a woman aged 53, had major trigeminal neuralgia involving all three 
divisions of the right nerve. Right intramedullary tractotomy was performed in October 
1940. 

The patient, unfortunately, was not examined during her early postoperative course. On 
the tenth day in the hospital a moderate degree of incoordination was noted in the right 
arm. Her gait was unsteady, and she veered to the right. She could ascend stairs without 
difficulty but was unable to descend them without help, as she lost her balance and fell for- 
ward. She was unable to walk in a straight line but lurched to the right. 

Later, in a follow-up interview in February 1941, four months after operation, she 
remarked that she had been a little “wobbly” on her feet for three or four weeks after dis- 
charge, but this had cleared up entirely. During her stay in the hospital her right hand 
felt numb and tingled, and this had persisted, although it became less intense. She said 
that her right hand still felt “stupid,” by which she meant that it was still a little clumsy 
and weak. Neurologic examination gave entirely normal results. 

She was again seen in the follow-up clinic in June, eight months after operation. She 
still complained of a slight numbness and tingling sensation in the right thumb. She occa- 
sionally dropped articles from her right hand witliout being aware of it. The neurologic 
examination revealed nothing abnormal. There was not the slightest residual disturbance 
of gait. 
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Her trigeminal neuralgia was completely relieved, and the entire right half of her face 
was analgetic. She complained, however, of slight burning and aching about her right eye. 
This mild dysesthesia had occasionally been noted in other cases after tractotomy.' She 
was completely satisfied with the result of operation. 

The mild and short-lived neurologic disturbances following tractotomy in this 
case were unquestionably due to the fact that the incision had been precisely placed 
in the descending tract, without any noteworthy injury of contiguous structures. 
However, as previous experience had shown, if this patient had been thoroughly 
examined immediately after operation, a much more severe disability might have 
been observed. . 

Case 18. — J. Sch., a man aged 41, had major trigeminal neuralgia of the second and 
third divisions of the right nerve. Right intramedullary tractotomy was performed in Decem- 
ber 1940. 

On first examination, five days after operation, the patient was able to stand unsupported 
but staggered to the right on attempting to walk. He complained of numbness -of the right 
hand and fingers. There was a mild degree of incoordination of the right arm. On the 
seventh postoperative day he was ambulatory and required no help in order to get about the 
ward. He still tended to stagger to the right but recovered himself. 

He was seen in the follow-up clinic in May 1941, approximately five months after opera- 
tion. He still staggered a little to the right when he walked, but this was readily compen- 
sated for. He complained that his right hand and forearm felt numb and tingled. 

He was again seen in the follow-up clinic in June 1941, six months after operation. He 
stated that for about four months after operation he was annoyed by his tendency to lurch 
to the right when he walked, but this disturbance had practically disappeared. He still 
noticed that his right hand tingled slightly, but he had no difficulty in handling objects. A 
thorough neurologic examination revealed no abnormalities except that in walking with his 
eyes closed he occasionally lurched to the right, but instantly recovered himself. 

Sensory e.xamination of the face disclosed that the first and second divisions were entirely 
analgetic and the third division was notably hypalgetic. In spite of the analgesia in the 
second division, the patient complained of typical, although not severe, paroxysms of trigem- 
inal neuralgia. There was, in addition, a definite “trigger point” on his upper lip, contact 
with which precipitated a paro.xysm. 

Although the neurologic disturbances persisted for several months, they were 
mild and hardly interfered with the patient’s activities. As far as the neurologic 
aspects were concerned, the outcome in this case was satisfactory. However, the 
presence of a trigger point and neuralgia in an analgetic area is unique in our 
experience and raises the speculation whether trigeminal neuralgia may not depend 
partly on the presence of touch sensation. This disturbing observation, if con- 
firmed on subsequent examinations, may raise a more serious objection to intra- 
medullary tractotomy than the occurrence of neurologic complications. 

Case 19. — R. M., a woman aged 51, had major trigeminal neuralgia affecting the first 
division of the right nerve. Right intramedullary tractotomy was performed in January 1940. 

Examination ten days after operation revealed no incoordination in the right arm. There 
were, however, definite difficulties in walking. The patient lurched and staggered to the 
right. She also complained of numbness over the ulnar aspect of the right hand. 

One month after operation, examination in the follow-up clinic showed very minor dis- 
turbances. Her gait was slow and wide based, but there was no staggering. She still com- 
plained of a sensation of numbness of the fourth and small fingers and the ulnar aspect of 
the right hand. 

She was seen in the follow-up clinic in June, about si.x months after operation. A sensa- 
tion of numbness and tingling was still present in the outer two fingers of the right hand, 
but this was mild and only occasionally obtruded itself into consciousness. The neurologic 
examination was entirely normal. 

The ophthalmic division of the trigeminal nerve was analgetic, the maxillary division 
moderately hypalgetic and the mandibular division slightly hypalgetic. There was complete 
relief from trigeminal neuralgia. 
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The neurologic disturbances were mild and transitory. This case serves as 
another demonstration that incisions placed lower in the medulla are less likely 
to produce neurologic complications. In this case the result was completely 
satisfactory. 

COMMENT 

There is plainly a discrepancy between our early experience and that reported 
by other investigators with respect both to the incidence and to the severity of 
the neurologic complications following tractotomy. Several factors seem to account 
for this difference, one of which is simply quantitative — the number of cases in 
which the operation was performed. Had our experience been limited to cases 
2, 4 and 5, in the early series, we should also have received the impression that 
neurologic complications either did not occur or were unimportant. The value of 
an operation, however, must be judged not only on the results obtained when 
the procedure is perfectly performed but on the complications when it is not done 
precisely, because of minor surgical errors in the placing of the incision, anatomic 
variations, obscuring by vessels of the surface of the medulla, edema, hemorrhage 
or other unforseeable factors. Therefore, the hazards inherent in an operation 
of this kind can be demonstrated only in large series in which the entire gamut 
of difficulties has been run. 

In every instance we attempted, although in several we failed, to incise deeply 
enough to produce analgesia of the entire half of the face. While it is possible, 
of course, to injure contiguous structures without producing facial analgesia, if 
an incision is badly placed, the likelihood of injury of neighboring nuclei and tracts 
increases with the effort to transect completely the descending tract. This obser- 
vation applies particularly when the incision is made at a level opposite the open 
fourth ventricle, but it may explain the statements of other surgeons who have 
claimed not to have seen neurologic sequels, for inspection of their protocols sug- 
gests that they did not incise quite deeply enough. In Sjoqvist’s series, for instance, 
the neurologic sequels occurred only in cases 4 and 9, which were precisely those 
in which the most profound sensory defects were produced in the face. In cases 
1, 2, 3, 5, 6, 7 and 8 there were no neurologic complications, but neither was 
complete analgesia produced in the half-face. W e think it probable that his failure 
to secure analgesia and the lack of neurologic complications are both explainable 
on a common basis, namely, insufficiently deep incisions. In both of Walker’s 
cases incisions were apparently inadequate also, since analgesia was not produced 
in either case. The same may be said of Rowbottom’s second and third cases. 

The delusion that neurologic complications do not occur may also have arisen 
from the fact that the patient is generally kept in bed and not examined on his 
feet until a week or ten days after operation. Thus, the “uneventfulness” of the 
postoperative course may be largely an impression gathered from tests only of the 
upper extremities during this period. As our experience amply demonstrated, 
various degrees of gait and equilibratory disturbances may exist during the early 
postoperative course but pass unnoticed unless the patient is examined on his feet. 

The duration of the neurologic disturbances is directly related to their post- 
operative intensity. In only 5 of our early cases was the period of observation suffi- 
ciently long to enable us to witness the ultimate outcome; death prevented long 
term observations on most of the patients suffering from malignant disease. It is 
our impression, nevertheless, that if the patient had lived long enough, neurologic 
compensation would have occurred in all cases. This conclusion corresponds to 


11. Sjoqvist.2 Jackson and Ironside.^ Walker.® 
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that of Ferraro and Barrera,’^^ who experimentally, in the monkey, destroyed the 
restiform body and the cuneate nuclei, either separately or in combination. 

Shifting of the medullaiy incision more caudally, as was previously described, 
greatly decreases the risk of producing serious or persistent neurologic complica- 
tions, through injury to the restiform body and the cuneate nuclei, but the risk 
is by no means completely eliminated. 

The procedure of tractotomy is just moving out of the experimental stage. 
The complications reported here must be expected in an operation of so delicate 
a character; indeed, their occurrence is salutary in that they force the devising of 
modifications to render the procedure safer and the results surer. Tractotomy has 
a place in the surgical treatment of facial pain because it offers certain advantages 
not obtained by the other, classic procedures. However, the results will probably 
continue to be more capricious than those obtained with the classic procedures. 
For this reason, the indications for intramedullar}’' tractotomy are limited, and at 
present the operation is not to be considered as a routine treatment of major 
trigeminal neuralgia. • Its widest usefulness, as we have previously indicated,®" 
is in the treatment of malignant disease about the face when it is desired to section 
the glossopharyngeal nerve and the posterior roots of the upper cervical nerves 
through the same incision. 

SUMMARY 

As a result of our experience with medullary tractotomy, it has been found 
that a section in the medulla placed from 6 to 8 mm. caudal to the lower end of 
the fourth ventricle (obex) will produce satisfactory analgesia of the face, with 
fewer neurologic sequelae than with the usual methods. That a section at this 
level produces anesthesia of the face indicates that all three divisions of the fifth 
nerve are represented in the descending root at this level. 

104 South Michigan Avenue, Chicago. 

3400 Spruce Street, Philadelphia. 

12. Ferraro, A., and Barrera, S. E. : Effects ol Experimental Lesions of the Posterior 
Columns in Macacus Rhesus Monkeys, Brain 57:307, 1934; Summary of Clinical and Ana- 
tomic Findings in the Dorsal Column System of Macacus Rhesus Monkeys, A. Research 
Nerv. & Ment. Dis., Proc. 15:371, 1935; Posterior Column Fibers and Their Terminations 
in Macacus Rhesus, J. Comp. Neurol. 62:507, 1935; The Effect of Lesions of the Dorsal 
Spinocerebellar Tract and Corpus Restiforme in the Macacus Rhesus, Brain 58:174, 1935; 
The Effects of Lesions of the Dorsal Column Nuclei in the Macacus Rhesus, ibid. 59:76, 
1936; Effect of Lesions of the Juxtarestiform Body (I. A. K. Bundle) in Macacus Rhesus 
Monkeys, Arch. Neurol. & Psychiat. 35:13 (Jan.) 1936. 



SPINAL NECROSIS AND SOFTENING OF OBSCURE ORIGIN 


NECROTIC MYELITIS VERSUS MYELOMALACIA; REVIEW OF LITERATURE 
AND CLINICOPATHOLOGIC CASE STUDIES 

LIEUTENANT DANIEL JAFFE 

MEDICAL COUPS, ARMY OF THE UNITED STATES 

AND 

WALTER FREEMAN, M.D., Ph.D. 

WASHINGTON, D. C. 

There are numerous reports in the literature, under varying designations, 
concerning diseases of the spinal cord of undetermined origin, with softening or 
necrosis the prominent postmortem feature. The subject has been one of general 
confusion. No classification has been possible in the face of ignorance of etiologic 
factors ; pathogenesis has been equally uncertain, and the interpretation of patho- 
logic material has produced no uniformity of opinion regarding the nature of 
the morbid changes. Some investigators have assumed the process to be inflam- 
matory and have applied the term “necrotic myelitis.” Others have preferred 
“myelomalacia,” to indicate the degenerative features. Several other descriptive 
titles have been used. A review of the numerous reports may be helpful in drawing 
a general picture and in correlating the various opinions which have been advanced. 

In 1926, Foix and Alajouanine ^ published a report of 2 cases which the}' 
believed represented a new disease entity, subacute necrotic myelitis. Clinically, 
their cases presented the following picture: 

1. Progressive amyotrophic paraplegia, spastic at the start and later flaccid, 
advancing from below upward, with amyotrophy in the lower segments 
as the spasticity spread to the upper segments. 

2. Sensory impairment, at first dissociated, later complete, with onset after 
some progress in the paralytic phenomena. 

3. Albuniinocytologic dissociation of the spinal fluid. 

4. Subacute course, with fatal issue in one to two years. 

The anatomic observations were quite distinctive in each case. Necrosis in 
the spinal cord chiefly affected the lumbosacral segments and tended to disappear 
in the midthoracic segments. The gray matter was involved predominantly, but 
the white substance was affected as well. The vascular changes were described 
as “endomesovascularitis,” consisting of enormous hypertrophy of the large extra- 
medullary vessels of the cord, the veins being affected more than the arteries. 
No obliteration of the lumens of the extramedullary or the intramedullary vessels 
was noted. The changes were distinct from those of syphilitic arteritis, according 
to the statement of the authors. No etiologic factor was determined in either 
of the 2 cases described, and it was the opinion expressed by these investigators 
that some toxic or infectious agent had affected simultaneously the media of the 
vessels and the parenchyma of the cord. 

From the Departments of Neurology, George Washington University and the Gallinger 
Municipal Hospital. 

Read (in part) before the Section on Neurology and Psychiatry of the Medical Society 
of the District of Columbia, Feb. 5, 1942. 

1. Foix, C., and Alajouanine, T. : La myelite necrotique subaigue, Rev. neurol 2:1 
(July) 1926. 


683 




g CS M § 

d 3 o 
S E 
g “ 2 ^ 

’25'o'S 

£ o 

= 03g 
•M o 5 
0u^a 
o^Eg 
o E 
E E “ 

H~„--d 


§s.ii2 

IeIIs 

g.S 


||h2e, 

S°«'"a 
■S-S « 

'd o to^: p 

SgTsSS 
3 S g E 43 

S-ag"® 

CJ F •t 2 >-• 
S •• 5 t> 

E O W O C> 

^d»« 


O w P**^ 


a « ^ 

— i ti • >»S 

ea M C3 ^ ^2 "tll 
jSS^ O 

tfiS S fl a a 
2.S C5‘^'0 - 
g o fcflo g 
® '^'O e3 2 ^ 

g O S3 rt X -oa 

o»s 

^ a^S*^ c3 

en M £+a 

5 G g 
1 to«-» ui ® 

-S'S^Ss'sE 

;lsg“'g»!5 

aS r* o 


w So 
EEiiS I 

§ 3 ^ C 

c'it0 

|s£|o 

sC s> 0 

Cl sC'.S 


?g-°e 

g 2 ° « 

G 

.• M 2 " 

O.SS . 

Me SJ « 

07 : *3 
r- 2 c: £■ « 

at* S 
.9®>soS 
" e S " 

'E 'S® S g 


*Ei S +3 

||g^ 

£'^::s£ 

3 ..*£ o 

<y Ml G 
3 3 »-» t- 
i O Q 


AO 


g 

g==| 

••-I Ml C 

|g_| 

CJ ^ w 

‘csS 

.3 c 3 M 

to C3'*-' 3 

a CJ t* ^ 

C3 > O U 

rt'SS’-S. 

« OT O 


O X=M 
CJ^^ 

03 ^ ^ 

C3 § O S 

♦ a*i3 " ^ 

3i &= 

S £ M'S 

C3 -tJ c O 

E ^ ^ s: 

J*( o Ml •- 


ie^si 

■ O -M CJ K 
'■*^3 3 

j a 5 5 CO 
1 Em « IH 
J !»!>.£ O 

* Ml Ml t>*»H 


• • >» p* 

>v^ ^ 

d ty .c-S^'g..d 

CJ C tn C3 "TJ Q ^ C5 ti 4 

?i'^-| 2 i'§«CM 

S -•Ed's iicTdO) 

M'S g“ a o i'ig’5)'^ 

CJaKsoc^ 

eCiPSi— EMl^p-— CJ 
a 3 _H e CJ ” oj e c,>4-* 
3 Pt> H« CJ c3 d**-* 

P'g'g’Sg*"” .og 

rd £ a^^CCiS Ml,^ — 
S*-s?Ofci co'd+j 
CJ ^•— 3 »-t CJ MJ*r? c 

§&==g-g£Sg|S 

S g5 a-dd aSc S 


oia«“B-2 

c>°^.e1§ 

o •»-> a 

t: CJ Ml ^ 

oBS*^ ® w 

a-*J35 3^ o 

^ 5^ o e-g 3 
3 Sa*? « 3 
Mi ^ to >> 3 CJ 

■cg^SEo? 

d“SS|-s» 

g ^*2 o 
Vj 3 3 to to 

P*5 CJ S3 01 to 3 

gS.^Sg§S 

^'g?o°-S 


^ c 
2-2 S 

3 --4-* 

o to C 3 

•=.E.2g 

-'O'SE: 

rc CJ 2d; 
c: CJ C3 Q 
E CJ**-* c 

gggfe 

B d* d‘ 3 

•Eigog 

2*«e 

-oE’d 

•d d ° S 

3 m«m 3 

Ml O 

>».2 
*2 3 * 3*01 


^* . C 
X s= 2 .2 

^ ^ CJ 
>> 2 ^ « 
tj '"1 . .* <y 

O rH • 

2 CJ - 
*3 3 CJ 3 

ilsS 

>^3’"' S 

C~ CJ CJ 

^ 3 aw 


rs . 3 

^ 5 , 2 ° 
i2-=|o|^ 
i■gd'»^ .Eg 

u *3 ^ t/i C 

i CJ 3 3 Mi 3^ 

r-rdiis 

•§l.sl|" = 

CJ ^ •-• 2 * .S- w ^ 

M »* .3 Ml 3 " 

U 3 to CJ 

e 3 3 oiitJ 

3 >^ »• £ >H b* 3 
ScJcoStooOm 

S E ° 2 &■“ E 
o c a.c “ o 
o t, a,- a 

5^ £ 2 SSrt 3 g 
§ **- >» tJ g £ >» 


•*-*'r i£ 
o ^ Ml 
•* o^ >» 

•-“ -dS 

■sacd'=' . 

e S^.2 ” 

w K 3 ® >> 
oTjJ O .** O^ 

MJ ”3 w CJ -M 

£ §- £ O 3 
gc'OpsO 

§£••853 

Ml 3 V O 

a P» «> 3 

CJ CJ ® fefi** 3 

t- .3 Mj 5: Ml t* 

CJ Ml 3 p a 3 

3 p § 2 >£ 

)-- < Ml a f ** 


>» 

JZ 

o ^ 

O °Si,-° 

^ w 3^^ *-< 

CO pM 32^ CJ 

wS’S o 3 £ 
>»•- C g 

" ^ w^ u 3 
3 ^ 3 CJ ,3 

- to 3 > 01 •** 

S .2 ^ ® 3 C 

a • p •“ o 

— '3 CO >» 3 CJ 

2 3 g ^ as 
c>sxo_^'— 

0 fci CJ Ml ■*:? . « 
«"= C OrH 
r* X CJ o o 

fSH S Ml ^-«C0^ 


3 . 3 

3 t- 3 . 

CJ 3 S ,3 3 

35'§EE« 

3.^’,*-, pjS — 

.-w o o 

3 *3 CJ Ml p3 £ 

'3 rr CJ 3 CJ 3 

^ 2 3 « 3 
a. £ CJ Ml o o 
ddiS--*"- 
I-* 3 •2 2 -o -*-> 

S«“5--“g 

e«e £>.-« 3 c 


3 2 

•- CJ ti '3 

tot: .5 3 

0_3 g*- 

‘C *“ w ^ 
rz ^*S3 ? CJ 
3 .3 • > 

S X • ’ 3 CJ 

^ ^ u £ — 
.= £ ’w a g 

CJ S ^ Ml 

d -•S 2 C 


O 3 tH 3 
'32 cj^ 
oS £ 3 
w 12 S CJ 

*3 "P 3 CO 

a 3 

toJa C ^ 

g-a®? 

.S c) d c 

og. 2 .p 

CJ 0.*J 

3 0 3? 
s -4 43 3 to 


•’• w 

g& 2 ° 

>S«?3 


- _35 

CJ I Td *-• 

t: ^ s * 

•3 3 C3 g 

3 O 3 3 
§==§■& 


684 


o 

S 4 ; = 


S E CM c 

c O > 

^ & r, O ^ 
,1. .S o « ^ 
V SS^G 
ir3t«i-H"^C 

i: ,2 « 

&^gK:§« 

-cc c;— ^ 

tI3c55 S >» 

C> tH ^ 

•— '^ r-* ^ O 
C — cc <— 

■+- O IS TS t? 

0 ? 5 ^ r 
airi— o^ 


•sii.a 
c« ^ 

S eg 

^"p, 

e .2 


j cn w e 5 

2 o'c go 
: ei o to 

3S"= 

- o ^ 

o Siii.2 K 

J C CO o 

3 e o e c 
J'-' P’S.™ 

- .” &c 
= Si-'p" 
2 

*0 f— ( ^ 

P'S CJ 

^ a s « 
” e a t5 - 
2 S S c « 
“ Sd O c « 

U 3 — VH C CO 


•2 ci ^ 

^ c o j-' 

f g o 

-^s: txi w' 

•4 C 5 K rj 

: a "'C'S, 

2 'S£ o ° 

3 CO s w C3 

D o S O 

5 

3 GJ O ^ O 

fi t* • p* 


— .m M U 

13*2 ^ S 

j P O P tj 

2 o beg 

3 C3 C> CJ *P 
3 .S □ co+J 

"4 53 

^ «w t-4 *♦-< 
• Vi Q a O 
n ^ 

3 « q 

2 ~ 03.2 


^ s o 

i2+3 6 u 

I Q Vi 

S " iS-S 

w T3 to 
<y o ci 
^ ,4? ^ e 

w) o P 
q: (3 o 
ei O q >) 

*S^ ->2 
® SStfl 

*W4-3 O 

:'=’S’^.S 

I C3 fl C 

•q 0+3 

^, 2 i 2 bfl o 

1 P-t! P.S 

#-i ^ C3 

I ^ 2 bflp 

I P.O o 

> u 

AO a 


fx cs 

p ^* 3 : -’p 
0 ••r* C3 C 
to 2 33 O 

= 52 

t-iS o c 3 5 ^ 

C 3 C 3 -W .S O 

0^4^ c3 o 22 
Os cs^r bo P 
A<y O 
— o''^'3 
.2 -O S- 2 

■M a £? g±; 

S.2S S 
S-gegS-S 
« M ..»5 ^ m 

o cj »w q 2 o o 
>0 C ti « PIS bo 

c So 2? «>»« 

o o 5 C ^33 
o > O «-i 
.2x2 

ci ••^o.O 
S:'=cO eg 
-il 5 A ^ o t>. $2 


J C3 

3 w 33 s 

J P IT P 33 
u a O o 

3 to OfQ^ 
5 jj C3 o 
g g e P 

30 S S'S 

S c 5 c o 

3S°o« 

3 g g 

5 p” = £ 

3 c 

2.ac'Sg 

■^c!3*^.H '^* 


g 

■ 'Spg „ 
2 ^ 6 , 
s p 

ooij 

4J a ^ 

“So 

o P P, 
a o 
O r? P « 


gg.2flog-a 

P c 33 . c; 1 ) 

'genas^s .'g 
:-S^Sgg^2 

S « p o .s •*^ 

' rrt P Ut 4 + 

|••'”cC2 ,X53-P 
I P ® rj CO O ^ 2 
' ^^-5 O 10 P 

I p2 >,>»■§ --''p 

^ CJ P P o) 

s p 2 P^ij 
) 2 'rj ^ 3d -S .2 ^ 


gcagg 
S s o P 
Po 


4 OT’S't? P 

5 P O) >»•'-’ 

^ O P O ._ 

* tH 32 oi2 
2 u U P S 
4 p O P O 
; .32 c; A & 


P 5 p , 

fels“ 

^ a S m 
eO a 3 
-M W4-3 O. 


o M ^ 5 .3 S 
fog 3 S-W 2 

® a« “ ^.3 a 


.. p 

CO . - 

p o p 

P C/j O 

>»^ to IS 
P^ 

O OJ t> P _ 

•p p^ S3 

A.= >-C2 

sac 3 " 

>,S c CP 

S=SSSo 


p1$^! 


^"•is s 

P* CO 4-> r-« P 


I P P.5.2 

gl^? 

. -C P 

ga + g 

1 “ “ >iC 

:S,>.’a« 

» HXfr ^ ri C 3 


”c o-‘^ 

e OS g 
Msec g 

g Si c 

e .2 2 Xh 

|l “ 

P fc4 ? -* 

«i;2-5 


t. , § 

£goc£ 

O ® e>l- 
S h r- 
^ pS 
'3 P" c 5 
P P A 
“ tcO<=>^ 

>,3 « . ^ 

S3 Sc 

O 4j . 4 + ^ 

CO S »-p:.p 

p § >»3ti 

O C ^ P 
to ^ Cl - c 

?i^'.aa!:^ 

.P o p ^•‘ 

isaS'sii 

£~5 ti 

S', a P ■“ 3 fc, 

o pa 3 !; * 

g C o a O" 

p-cisapc 


aS g 2 , 

'j^li ft; 

Po c 

3 " Sp ' 

g -j p>,* 

p« a . ' 

o”^ a t 

25>.e? 

oto^o.- 
o a P 1-4 * 

p P *-< *-<1 

«"ais 
0-^1" = 
g .p A 5 


.pp'=^:c.S£j 

> p o3 w 1 

P 4J VW >> ( 


MpaS 

4J 2 -C •■* 

to 2 

>» P 

P 

O C 

p 

“■^ 5 g o 

« w .3 IH 

CJ QJ 

a 2 3 

•gfe .33 

g C.O o o 

a H &a 
o'a a g « 

E a-s 

-§ .O+ijs 
g §.S£“ 3 

wa^wE 


P CO r-l 

p'^ o 
^aec 
a i o 2 
-5 S 

A CO — 
o O 2 g 


p — a 
c-5p- 5 
O>o3 




"S B a.a a 

wp “„!a 

o a “ ss'-B 
K S 3 s M 

ti S.e >>.«; e 
g-=i-io ~.2 

^4 44 5 4 J 

P .P R P O P 

" ai^ <=! 

>^s g.-at<'s 

<1 A CJ > « P 


CO ^ C, 

P.P S 
A P - 
CC AJo 


g^Sgs 

“3 o g-S 

S C w C '-' 

a o g 3 0 , 

a'aS ” “ 

P O o p 
A •• ^ ^4 ’r“ 
P c? M 

2 '?. ss a 

o ti> .^o 
« cp w S ‘•'J 
p o o ^ 

R p :t^ o ^ 


O , cSS 

72 IS CO ^ I 

® p coti : 

. C O I 

5x2'^'^ 1 
P p P 1 
S •— cj I 

X3 i? to , 

^ .=2 I 

>i p ^44 

O-Sge 

44 S C* 
o •p ^ ^ 

s X ' 

aO'S'^ 


^^2 Cl ^ \ 

.= 73.2 

^ a 

CJ f- <~X u-( 

>.5 P o 

ty bo P 

■^S o “ 

a«“« 

gas a 
E-J o 5= 


685 



Author Age, 

and Yr.: History and Onset , _ ^ 

Date Sex of Illness Clinical Observations Course and Duration Spinal Plujd Portmortem Observations 


cn 

'2" 

Sg2 

x: c 

E CS 'S 

«— * OT, 

o o g 
w S 

»4-t ^ 

^ c3 O 

a p 
« s “ 

"Sf s 


p 'O 
!»0§ 

•'% 

S'® “ b 

« s 

C3 ^ 
to H 
fl to CO 

S o5 J Qj 

I 

■'q 

is 

mva H ”"3 
■“ 'So*; “ 
-S>S| 
^“■30^ 

• • C 

"3'0~.2 “ 
c> to w 

S-iii to o « 
p p 2 ^ 
o «•= 


gA|S 
■Bs 2i 

cS •’-‘S 

G ° CO C5 O 
o ^ O 

w jj 5 OpC 

'O P ^ D. 

3 O ^ 

aM “-Sis g 

^ Lj C to 

2 M Q p O O 

g P.2^ ap* 
2 Q, M P 

■2 •SH-a& 

SgP.o.S3 

inS'Oog’g 

gna'o-a 


CO 




D[A*n«-§KS 


ill 

■ 

a a “a 

•SeSSa 

.g'a n S 

Si?Sai 

CO 2.2*0 o 
l->( p.p^ to 


rs 
C . 

p- 


tt 2 s® 3 
o fl 

O £■« eS 

Hog , 

r.Se^ 

M'S ^ 

£ K 

Jr* p o _ 

oggo 
•«a as 
■S^-Sg 

S°-^3 
>> S” >. 

^ c P U 

o 5 2 S« 

£0*5 5 P 

c ? S .2 to 

S 0'S t. a 
cc ii .3 a o 


•a £ >> 

P‘, o 
P p to 

a 


.^0,2 
p^ PO 

0 “P’S 
^•2o^ 
3y,^o 

o P ,»■*■* 
to 03 

P P O S 

S 3S5 


tiki o “ 

‘“'g® a as 
a S.S a 
■3 g B m to g 

©•gasS-g 
«•! agl^ 

P’S fcfs g a 
wS^g'ga^o 

•« .-S o— 

O O in 33 pj 
*3 os P4a gS 

■ 2 ’SI.SSb^ 

S B o «5 £■« 
< c.^ ftO ? ,2 


t-T 
2 c 

11 

‘H c£2 
O pS 


a 

S-r-S 
o 2tj 


. fl 
p 

« » Q. P 

?= . s 
gfcijS 
^ c 

tH H lO 


.,* 2 , 

t- to*j 
— O o 
« o, t/j 

o 

u 

— CS 
O.C3 . 

0^0 

CO 

S 


•' p Sr 


Oo 

^ p 


P|^ 
p 2 

© 

Saa-g 

aa^ 

■“-I So a 

•S to *© P 
p 4 ^ O C* ID 

o o*— 5 
2 C,'*J P *M 
■§ >>co O 
'^x: g — 4J to 

s§g°ea 
^5 S p S 

p P St w B-5 


ES«g“ 


o h'© 


o O 
p ®.2 ® o 
S tn S 
M S'© 

a B 2s " 
p 3 o S a 
■ga-Sal 
•gxi-^^rg 
aSdSi* 
'’^B-'p 

. "^3 » O 

•« «t> o P 
3 to - C . 
o a tc H tfl 
002 thS 


Ifs P 

“=B 


M tIJ S 

S 2 ► 
^jso':'g°a 

g'sS^'gla 
gpS«l ““ 

O AJ*3 P 

tirH P*»“*P'W to 
©rH P P 

2^ to©: ^ 

ax:“'to«" h 
S^'°®gaS 

P 3 t/j to‘ 7 ' « 

PaS^o^l 

a-S-S^Sgi 

p ,G 2 
. M E ^ *3 Q 
1-1 O ©* to P .3 


O •-oS § 

Ssgs^ 

°o o y 

S.Sg«| 

OS'S 

ssi"r” 

p . N I 3 
^tog 1 PO 

^ e w ati " 

^p a o 2o 

«H Ofcta. xs ^ o 
Wt'>P^4-> Plrt 


^ s 


>»ri 
XJ PX3 

ro o ^ 

p , , 

"t,od 
S— B 

•.-4 P**-'frJ 

3 “'*A . 

, M 3 o 

nw Sii 
.P o 


to*- 


aB=S 

j^p eS d 

Pbo^M 

ggSto'-' 

P K .4 P 
«-• p «•-? 


S *©0 

P 2 « 

■§ 2 l“ a 

cT ^*3 to 3 
»-* p 2 E p o 

2 05*=*^*^ 


-*-**32 


.2'©SgSS 

5iJ P 3 


c) n < CO *-.-=. p 


■« gS s 5 
o Sti- gs “ 

SB .“S« 

S Cjl 3 M o 
3^^^ S § 
» Cit4J •— 3 

® to 0*3 P ^ 
o p ^ w.— ■ 44 


eS « 

sS 
a ° 


bP 

^ -u 
M ^ 

X >» 

3 

,,30 
Je” 

P rrt 


tig 
p s, 

£• 4 ^ p 

ifSH 
S . 

““ a 
Zu'-^ 


n * M 

5 o t-— 


3 

O IL4 — 
>* 

^co p-g 

i-iii 

O OS'© 


S|“ 
“5o 
H in's 

p to 3 

g ’5)2.2 
to s d s 

t/j o 3 S 

is?; = 

O p >tcs 

2-s P 

^ to’” 

^9 00 

.UCO »4 

■*-* rs p 
pO p S 

5 s r.s 

S = U'l 


t«g.iP 
3 = -b-B 

S o bo Cl'S 



3.0*3 v-4 
3 ^ 5 P 

tcgS m a 
13^'3'P, 

2 oo'^ g 

^■“S.3 a 
-2Sa^ 
— S»«S 

n 2 toQ O 
« 

« 2 • 3 


3 3 «*r; 3 

^ P 4 ^ to 3 
« 3. 

*3 to c”?.— 
^ X5 5 p 

.3 P — P 
C-fJS ^*©*3 


p S p 
s' ^ 5 >*3 

BS-“S° 

^ p*2 fct c. 
eoc2 O p,3^ 

^ p ,..*7 R 
g ^tOlO O 

3>4» p O 3 

’o'B‘«*^.2 

•SSO.SS 

p M to CO 3 
p-*,» to p X 

^ 5< px: c> 

R O B-w M 


'© 2 
£§§■2 


CO 

>* 


■a-g. 

CO o 5 g 
2 to 

^ E s 
TT*" P'P o 

g a'" a S 
a gs 

O .. o PfO 

*,3 5*iS: 3 p 

- - -■, o XJ 

H P ,. 

. 5 w 
,.„ jj 2 fco 

; >X5 P 

; 2 E >.4M 

: a’x: ,3 o 


«. » t 

o 3 
3 o . 


CO p 

""S 


C p^ 
0:52 



SS|B 

bg S-» a 
gaSSo 

to 3 pU 
3 ..OP 

S ^ 

i^o4a 

to52 p 

< C5 3 


go “« 
S 2 ^ua 
o o o*^ 

”* 3V4 Q 

S C.OIW 

°a W m 
tn — O Gj 

|S^§ 

■“ ^ °-g 

P to CO ^ 
P P 3 O 

^sgB 


to ^3 
CO ,3 
P 3 

« SS 

ri , .2 

P 3 •-^ 
o 2, o 

»h* 3 ti3 
P 


'5 S' S 
o 


B S.S o 

1 «.sZi 

S So 
c2»_I 
^|aiE 
-am-sg 
e.Q fe B 

a >H 

.Spa 

5;<§.§ 


cc P 
eg 


3 

3 




.to ^c n 
X3'p 


686 



JAFFE-FREEMAN—SPINAL NECROSIS AND SOFTENING 


687 


After this report, other cases ^A^ere described under the same title. Some of 
these were similar to the cases of Foix and Alajouanine; others differed in many 
respects. 

Van Gehuchten - described a case in which the onset was more rapid and the 
clinical course more acute. Here, the paraplegia developed within forty-eight 
hours; it was flaccid from the beginning, and no ascent was noted. The sensory 
loss was complete from the start. The protein content of the spinal fluid was 
1,000 mg. per hundred cubic centimeters, and many lymphocA’^tes were noted. 
The course of the disease was progressive, and death occurred three months after 
onset. Anatomically, necrosis was pronounced in the lower thoracic segments, 
involving the white and the gra}^ matter. Vascular hyperplasia and dilatation 
were present, but not in a degree comparable to that seen in the original cases. 
Lymphocytic infiltrations were noted in some places, and in the first sacral segment 
a small abscess appeared. Van Gehuchten expressed the opinion that the necrotiz- 
ing character of the disease did not speak for a specific etiologic factor and that 
a single infectious agent might produce various types of myelitis — infiltratiAfe or 
degenerative, acute or subacute, with or without necrosis — depending on the 
degree of virulence. He postulated that many of the special forms of myelitis 
that have been described ma)^ all be referable to the same etiologic factor. 

The next report to appear under the original designation was that of van 
Bogaert, Ley and Brandes.® These authors recorded a case with paraplegia which 
cleared after an acute onset, followed six months later by cerebral complications. 
Death followed operation for decompression. Anatomically, degenerative, changes 
were noted, particular!}^ in the thoracic portion of the cord, and were accompanied 
by Avascular hyperplasia Avith dilatation. Throughout the central nervous system, 
hoAvever, there Avere abnormal foci, Avith lymphocytic infiltration, vascular hyper- 
trophy, glia proliferation, cellular degeneration and necrosis. 

Lhermitte, Fribourg-Blanc and Kyriaco ^ described a case in Avhich the illness 
Avas of two and a half years’ duration, Avith sloAvly progressive spastic paraplegia, 
AAFich remained spastic until death, and Avithout muscular wasting. Sensory loss 
AA^as first dissociated and later complete, but Avithout ascent of the leA-el. Exam- 
ination of the spinal fluid shoAved marked increase in protein and 40 h-inphocytes 
per cubic millimeter. Postmortem examination revealed changes in the thoracic 
portion of the spinal cord, consisting of gliosis, vascular proliferation, I'arefaction, 
homogenization of the parenchyma and caAdt}^ formation. 

The folloAving year Marinesco and Draganesco ® reported 2 cases in Avhich a 
more acute picture Avas presented. The clinical features included lightning onset 
of an acute febrile illness Avith flaccid paralysis and hyporeflexia, dissociated sensory 
loss (later complete in 1 case) and urinary retention. The cell and protein con- 
tents of the spinal fluid Avere normal in the first case, Avhile in the second case 
there Avere 3 cells per cubic millimeter of fluid and a positiA^e Pandy reaction. 
Death occurred after five and three Aveeks respectively. Necrosis Avas seen betAveen 
the fifth to the eighth cervical segment in the first case and at the sixth thoracic 
segment in the second. The Avhite and gray matter Avere involved in both instances, 

2. van Gehuchten, P. : Un cas de myelite necrotique aigue, Rev. neurol. 1:505 (April) 
1927. 

3. van Bogaert, L. ; Ley, R. A., and Brandes, F. : Contribution anatomo-dinique a I’etude 
de la mj^elite necrotique subaigue de Foix- Alajouanine, Rev. neurol. 2:1 (July) 1930. 

4. Lhermitte, J. ; Fribourg-Blanc, and Kj’riaco, N. : La gliose angeio-hypertrophique de la 
moelle epiniere (Myelite necrotique de Foix- Alajouanine), Rev. neurol. 2:37 (July) 1931. 

5. Marinesco, G., and Draganesco, S. : Myelite necrotique aigue, Ann. de med. 31:5 
(Jan.) 1932. 
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and vascular h 3 ^perplasia was particular^ striking at the level of the lesions. 
In the first case no inflammatory changes were noted; in the second there were 
prominent lymphocytic infiltrations, especially about the veins, in the necrotic 
areas. These authors expressed the belief that the rapidity of the process in their 
cases, as well as in that of van Gehuchten, accounted for the less pronounced 
degree of vascular hyperplasia as compared with the hypertrophic changes described 
by Foix and Alajouanine. They pointed out, too, that the necrotic character of 
the parenchyma was not a specific feature, having been described in certain cases 
of herpes zoster, experimental encephalomyelitis, neuromyelitis optica and acute 
multiple sclerosis. 

Minea® reported a case with paraplegia, in which sudden onset of blindness 
had occurred five years previously. Anatomically, the spinal cord was the seat 
of degeneration, with somewhat less frank evidence of necrosis than that observed 
in the cases described previously. Vascular hypertrophy was outstanding. 

Riser, Geraud and Planques ‘ described a case of "subacute necrotic encephalo- 
myelitis.” IMotor and sensory impairment extended to the upper extremities from 
a previous level at the sixth thoracic segment. The pathologic changes were 
those of necrotizing encephalomyelitis. In the cerebrum there were lymphocytic 
infiltrations, foci of rarefaction, gliosis, vascular occlusion and some perivascular 
hemorrhages. The spinal cord was noticeably softened and spongy at the seventh 
cervical segment. 

Zhitomirskaya and Ovcharenko ® recorded 3 cases, in the first of which the 
condition resembled the syndrome described by Foix and Alajouanine. Onset 
followed an attack of typhus fever. In the second and third cases the disease 
was of shorter duration, with a clinical course similar to that noted in van 
Gehuchten's case. In the second case acute bacterial endocarditis was present, 
and the possibility of embolic phenomena in the spinal cord must be considered. 
In the third case there were visual complications, and the condition was sug- 
gestive of neuromyelitis optica with involvement of the cord progressing to necrosis. 
These authors suggested that the clinical picture of flaccid paralysis and total 
anesthesia occurred as the result of involvement of the white matter of the cord 
in cases. of so-called acute necrotic myelitis, whereas spastic paralysis and disso- 
ciated anesthesia could be correlated with lesions in the gray matter in cases of 
subacute necrotic myelitis. 

Juba® described a case presenting the acute picture, with flaccid paralj’-sis of 
the lower extremities and complete sensory loss to the twelfth thoracic segment. 
Postmortem examination revealed carcinoma of the greater curvature of the 
stomach and necrosis of the spinal cord, most pronounced in the midthoracic region. 

Greenfield and Turner reported 3 cases representing both the acute and the 
subacute type. They described three stages in the tissue alterations leading to 
necrosis, namely lacunar degeneration, mesodermal reaction and, finally, frank 
necrosis. These authors expressed the belief that the parenchymal lesions were 
wholly dependent on disease of the vessels and that the involvement of the intra- 

6. Minea, I. : Cas de myelite subaigue d’origine infectieuse cryptogenetique, Bull. Soc. 
roumaine de neurol., psychiat., psychol. et endocrinol. 13:27, 1932. 

7. Riser; Geraud, and Planques: De I’enceplialomyelite necrotique subaigue. Rev. neurol. 
67:455 (April) 1937. 

8. Zhitomirskaya, B. M., and Ovcharenko, E. P. : Concerning Necrotic Myelitis, Sovet. 
psikhonevrol. 13:59, 1937. 

9. Juba, A.: Myelitis necroticans subacuta (Foix-Alajouanine), Deutsche Ztschr. f. 
Nervenh. 118:17 (Nov.) 1938. 

10. Greenfield, J. G., and Turner, J. W. A.: Acute and Subacute Necrotic Myelitis, Brain 
62:227 (Sept.) 1939. 
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medullary vessels noted in cases of the acute type preceded that of the large 
surface vessels, the degeneration of which was prominent in cases of the subacute 
and chronic forms. 

Draganescu and Lupascu described the syndrome of Landry’s ascending 
paralysis occurring in the course of acute necrotic myelitis. 

In the same year (1940) Dansmann recorded a case in which grip and 
mandibular abscess preceded the onset of symptoms of involvement of the spinal 
cord. The course was rapidly progressive, with death in six weeks. There was 
circumscribed chronic meningitis in the caudal segments, with complete destruc- 
tion of the parenchyma of the cord. Necrotic foci were described as high as 
the cervical segments. The author concluded that the process had resulted from 
vascular dissemination of a bacterial infection and stated it was likely that a 
toxin rather than the organisms themselves caused the spinal lesions. 

In this country, the term “necrotic myelitis” has been avoided. Moersch and 
Kernohan recorded 3 cases under the title “progressive necrosis of the spinal 
cord,” and Schunk and Kernohan later added a case of similar nature with 
cerebral involvement. 

In a discussion on the paper by Moersch and Kernohan,^® before the American 
Neurological Association, Hassin stated that the condition under consideration 
is usually classified with the myelomalacias and that the cause is usually vascular 
(thrombosis or embolism), but that an infectious agent might produce a similar 
effect. Moersch and Kernohan maintained that the process was probably due 
to the action of some virus or toxin and should have a designation distinct from 
the myelomalacias, which are due to “purely vascular or so-called degenerative 
changes.” 

Moersch and Kernohan indicated the similarity between their cases and those 
of Foix and Alajouanine but pointed out that vascular changes were prominent 
in the French cases, while in their own. Avascular hyperplasia appeared only in 
the first, and then involved the Avails of the smaller vessels. 

The reports of 6 earlier cases Avere reviewed by Moersch and Kernohan as repre- 
sentative of “progressive necrosis of the spinal cord.” Most of these had been 
described under the heading of myelomalacia by Bassoe and Hassin, Schmitt,^® 
d’Antona,^^ Low and Stone.^'’ Feindel had recorded his case as one of 
acute ascending necrosis of the spinal cord. The cases of Nonne,"^ Davison and 

11. Draganescu, S., and Lupascu, G. : Sindrom de paralizie ascendenta de tip landry in 
cursul unei mielite necrotice acute, Rev. §tiint. med. 29:210 (March) 1940. 

12. Dansmann, W. : Ueber die sogenannte Myelitis necroticans subacuta, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 168:644, 1940. 

13. Moersch, F. P., and Kernohan, J. W. : Progressive Necrosis of the Spinal Cord, Arch. 
Neurol. & Psychiat. 31:504 (March) 1934. 

14. Schunk, P., and Kernohan, J. W. : Progressive Necrosis of the Spinal Cord, Avith 
Cerebral Involvement, Rocky Mountain M. J. 36:789 (Nov.) 1939. 

15. Bassoe, P., and Hassin, G. B.: Myelitis and Myelomalacia, Arch. Neurol. & Psychiat. 
6:32 (July) 1921. 

16. Schmitt, W. : Ueber akute Riickenmarkserweichung (Myelomalacie), Deutsche Ztschr. 
f. Nervenh. 72:78 (Jan.) 1921. 

17. d’Antona, S. : Sulla necrosi spinale acuta nel corso dei tumori maligni, con un contributo 
alia conoscenza delle “ernie spinali malaciche,” Neurologica 3:65 (April) 1926. 

18. Low, A. A.: Acute Ascending MA'elomalacia, with Clinical Picture of Landry’s 
J^^^'^b'sis : Clinicopathologic Report of Case, Arch. Neurol. & Psychiat. 21:594 (^larch) 

19. Stone, T. T. : Myelomalacia, Arch. Neurol. & Psychiat. 21:718 (March) 1929. 

20. Feindel, R. ; Ueber akute aufsteigende Riickenmarksnekrose, Ztschr. f. d. ges. Neurol, 
u. Psychiat. 68:147 (July) 1921. 

21. Nonne, M, : Myelodegeneratio transversa carcino-toxaemica, Med. Klin. 2:943, 1919. 
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ARCHIVES OF NEUROLOGY AND PSYCI-JIATR}' 


Keschner -- and Winkeiman and Eckel were mentioned as falling possibly under 
the same classification. 

In Nonne’s case softening of the spinal cord appeared to have developed as the 
result of toxic absorption from a nearby malignant tumor. The occurrence of spinal 
softening or necrosis in cases with malignant tumors elsewhere will be discussed 
later. 

The case described by ^Vinkelman and Eckel was one of myelomalacia secondary 
to impaired vascular supply, possibly the result of syphilitic endarteritis. It may 
be excluded from the group under consideration. Details of the other cases are 
given in table 2. 

A search of the literature has revealed several additional scattered case reports, 
which are similar in many respects to those already noted. Collins described 
2 cases in which the origin was obscure and there was pronounced destruction of 
the cervical segments. Harbitz recorded a case in which the disease apparently 
complicated influenza. Borromeo’s case was reported as one of degenerative 
transverse myelitis, and Behr and VV uite diagnosed the condition in their cases as 
“ascending transverse myelitis.” The case described by Spigel was unique in 
that the disease occurred in a 3 year old child. The cases of Melikov and Aksel 
and Kirgak may be included in this group. In the case recorded by Silber- 
mann there were a numiier of possible etiologic factors, namely, parental s 3 'philis, 
trauma and an anginal infection. Fr 3 nnire and Stone and Roback reported 
cases in which the onset followed lifting of heavy weights or back strain. 
Markiewicz cited the case of Neel in his discussion of colloidal degeneration 
in the nervous system. He described the process of “colloidal degeneration,” 
noted in a number of diseases of the nervous system, as the counterpart of amyloid 
degeneration in other organs. He asserted that vascular changes precede paren- 
chymatous degeneration of a similar nature and that there occurs a spread of some 
toxic substance from the blood vessels. The process was differentiated from that 


22. Davison, C., and Keschner, M.: Myelitic and Myelopathic Lesions: Clinicopathologic 
Study, Arch. Neurol. & Psychiat. 29:600 (March) 1933. 

23. Winkeiman, N. W., and Eckel, J. L. : Focal Lesions of the Spinal Cord Due to Vascular 
Disease, J. A. M. A. 99:1919 (Dec. 3) 1932. 

24. Collins, J. : Acute Myelitis and Thrombotic Softening of the Spinal Cord, Rev. Neurol. 
& Psychiat. 10:159, 1912. 

25. Harbitz, F. : Patologisk-anatomiske^erfaringer ved influenza og dens komphkationer, 
Norsk mag. f. Ixgevidensk. 81:46 (Jan.) 1920; cited by Bassoe, P. : Nervous and Mental 
Diseases, Practical Medicine Series, Chicago, Year Book Publishers, Inc., 1920, p. 20. 

26. Borromeo, G.: Su di un caso di mielite trasversa degenerativa a decorso subcronico, 
Policlinico (sez. prat.) 38:295 (March 2) 1931. 

27. Behr, E., and Wuite, J. ; Myelitis transversa ascendens, Acta psychiat. et neurol. 10: 

657, 1935. 

28. Spiegel, H. A.: Myelomalacia in a Three Year Old Child, Arch. Pediat. 53:500 
(July) 1936. 

29. Melikov, M. M. : Pathogenesis and Pathologic Anatomy of Ascending Myelomalacia, 
Sovet. psikhonevrol. 13:52, 1937. 

30. Aksel, L, and Kirgak, V.: Les myelites de nature inconnue. Arch, balkan. med. chir. 
1:27, 1939. 

31. Silbermann, J.; Ueber einen besonders schweren Fall von infektids-toxischer Myelitis 
mit weitgehender Zerstdrung des Riickenmarks, Ztschr. f. d. ges. Neurol, u. Psychiat. 116: 


140, 1928. 

32. Frymire, W. A.: Acute Spinal Cord Degeneration with a Case Report, Illinois M. J. 
61:439 (May) 1932. 

33. Stone, L., and Roback, H. N.: Myelomalacia Without Thrombosis Following Indirect 
Trauma (Strain), J. A. M. A. 108:1698 (May 15) 1937. 

34. Markiewicz, T. : Zur Frage der “kolloiden” Degeneration und ahnlicher Vorgange in 
Zentralnervensystem, Ztschr. f. d. ges. Neurol, u. Psychiat. 159:53, 1937. 

35. Neel, A. W. : Die Bedeutung der Eiweissvermehrung ohne gleichzeitige entsprechende 
Zellvermehrung in der Spinalflussigkeit, Deutsche Ztschr. f. Nervenh. 117-119:309, 1931. 
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of coagulation necrosis, described by Markiewicz,^'’ although foci of necrosis did 
occur, with spongy changes, deposition of “colloidal” particles and “foam cell-like 
structure” of the endothelium of the smaller vessels. 

The cases of morbid softening of the spinal cord reported by Gleckler were 
not accompanied by clinical descriptions and cannot be considered in this series. 

Table 3 presents a summary of the details in the aforementioned cases. 

Prior to discussion of several of the features included in this review, 4 addi- 
tional cases, with postmortem studies, may be described. 


REPORT OF CASES 


C.\SE 1. — History. — L. J., a Negress aged 42, was admitted to the hospital on Sept. 26, 1940. 
She dated the onset of her illness to July 1940, at which time she had severe constipation for 
one week. The left leg became weak at that time, and for a month she got around with a 
cane. Weakness of the left arm appeared shortly after the onset, with a great deal of pain 
across the left shoulder and over the extensor surface of the arm and hand. The arm became 
flexed and clawlike. About a month after the onset the right leg began to weaken, but was 
without pain. She began to note twitching and tremors in the legs, which would “draw up” 
involuntarily. Sore throat and some difficulty in swallowing appeared. Three weeks before 
admission she was compelled to stay in bed because of weakness in the lower extremities. 
Constipation became persistent, and urgency of urination appeared. 

The past history included sinusitis three years prior to admission and hypertension known 
to have been present for six years. 

E.vamination . — On admission the temperature was 98 F., the pulse rate 78 and the respira- 
tory rate 18. The blood pressure was 150 systolic and 95 diastolic. The cranial nerves were 
not remarkable except for vertical and horizontal nystagmus and conduction deafness of the 
right ear. 


The lower extremities were spastic, with atrophy of all muscle groups, and only slight 
motion was present. The upper extremities were weak bilaterally, the left more than the right. 
The left forearm was held in flexion, with the hand flexed and spastic. There was significant 
atrophy of the intrinsic muscles of the hand, as well as those of the arm and forearm. 
There was marked resistance to passive motion, with considerable pain. The reflexes were 
hyperactive in the upper and lower extremities ; the Hoffmann sign was positive and the 
Mayer reflex negative bilaterally; ankle and patellar clonus and the Babinski sign were 
elicited bilaterally. The abdominal reflexes were absent. Sensory changes consisted of an 
increased threshold for position sense in both hands and in the toes; otherwise no impair- 
ment was noted. 

Lumbar puncture revealed clear, colorless fluid under normal pressure. The manomctric 
readings were normal. There were 20 cells per cubic millimeter, with lymphocytes predomi- 
nating, and the total protein measured 175 mg. per hundred cubic centimeters. 

Course . — On October 6, about ten days after admission, reexamination revealed that the 
picture had changed to one of profound hypotonia below the waist. Voluntary power in- the 
legs was completely gone, and the patient was totally incontinent. The upper extremities 
were unchanged. Sensory examination at this time revealed hypesthesia, hypalgesia and 
thermanesthesia below the eighth cervical segment, with loss of deep sensation from the 
sixth thoracic segment down. Saddle anesthesia was complete, and a sweating level was 
noted at the fifth thoracic segment. 

Lumbar puncture now revealed albuminocytologic dissociation, wdth a positive Pandy 
reaction, a total protein content of 100 mg. per hundred cubic centimeters and 3 cells per 
cubic millimeter, 2 of which were lymphocytes and 1 a polymorphonuclear leukocyte. The 
Kahn reaction of the spinal fluid was negative, and the colloidal gold curve was 4332211100. 

On October 16 mass reflexes appeared, and there was loss of tendon reflexes in the 
ower extremities. A spiking temperature was noted on October 20, as the result of an 
ascending infection of the urinary tract, and at this time examination revealed atrophy of 


36. Markiewicz, T. : Zur Frage der “Koagulationsnekrose” im Zentralnervensystem Ztschr 
L d. ges. Neurol, u. Psychiat. 159:27, 1937. 

« Oleckler, H. E. ; Two Cases of Morbid Softening of the Spinal Cord, Odessa Af. J. 
^•o67, 1927. 
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ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


the intrinsic muscles of the right hand and forearm. Decubitus ulcers appeared over the 
sacrum. The skin over the thorax and neck became tough, dry and scaly. Light stroking 
over the left arm caused exquisite pain. Terminally, there developed trismus and rigidity 
of all extremities, including the previously flaccid legs. Death occurred on December 17. 

Necropsy . — The significant systemic observations were bronchopneumonia, cystitis and 
pyelonephritis. 

On palpation the lower cervical region of the spinal cord appeared softened, with bluish 
discoloration of its surface. Section after fixation revealed marked destruction in this portion 
of the cord, with extensive softening and Assuring. The sectioned surfaces appeared yellowish 
translucent in some areas and whitish opaque in others. These changes extended downward 
through the upper thoracic segments. 

Microscopic preparations revealed widespread destruction throughout the cervical portion 
of the cord, particularly on the left side. The gray and the white substance were equally 
involved, with complete disruption of the structure of the cord. The white columns appeared 
spongjq as the result of formation of lacunas where the myelin sheaths had been destroyed. 
Numerous areas of cavitation were noted. In many areas mesodermal elements appeared, in 



Fig. 1 (case 1 ) . — Destruction of white and gray matter in the cervical segment, particularly 
on the left side. Weigert stain; X 8.5. 

the form of collagenous fibers, particularly about hyperplastic blood vessels. In the regions 
showing more complete destruction there were acellular and homogeneously stained areas, 
with infiltrations of lymphocytes, a few polymorphonuclear leukocytes and many macrophages. 
(The changes in this region corresponded to those described by Greenfield and Turner as 
lacunar degeneration, mesodermal reaction and frank necrosis.) ^ 

On the left side the ganglion cells of the gray horns were almost completely destroyed. ■ 
On the right side the ventral horn cells were fairly numerous, with moderately advanced 
degeneration in the form of chromatolysis and pyknosis. 

The blood vessels were extremely hyperplastic. The intima and media were chiefly 
involved, particularly in the large extramedullary vessels in the cervical segments. Here the 
media presented a thickened lamellation, suggestive of the “onion skin” appearance described 
by Foix and Alajouanine, but to- a lesser degree. Within the substance of the cord at these 
levels, all of the small vessels showed pronounced hypertrophy, with thickened intima and 
narrowed lumen. Vascular packets, with small branching, hypertrophic vessels, were seen in 
some regions. Numerous fat-containing granular corpuscles were noted. 
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At the other level degenerative changes were less advanced. Secondary degeneration was 
seen, particularly in the lateral columns. Vascular hyperplasia was limited more strikingly 
to the smaller vessels. Degenerative reaction was widespread among the ganglion cells. 
There were no significant changes in the brain or the brain stem. 



Fig. 2 (case 1.). — Hyperplasia of the large extramedullary vessels of the 
suggestive of "onion peel appearance.” Hematoxylin and eosin stain ; X 7.5. 


cervical region, 



Fig. 3 (case 1). — Proliferation of small vessels of the cord, and pronounced inflammatory 
round cell infiltration into the white and gray matter. A few pyknotic ganglion cells may be 
seen. Thionine stain; x 7.5. 

Case 2. History.— AsL F., a white woman aged 70, was admitted to the hospital on 
Sept 17, 1940, complaining of pain in her chest and her right shoulder. She dated her com- 
plaints to July, two months previous to admission, w'hen she strained her shoulder in lifting 
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a weight. Since that time she had suffered pain in the right shoulder. In September, after 
another strain, she noted pain in her chest anteriorly and between the scapulas posteriorly. 
This pain was described as dull and constant and was aggravated during defecation _ and 
urination. Two days before admission she complained of weakness of both lower extremities, 
and this persisted. She could not empty her bladder except by pressing on her abdomen. 

Examination— On admission the temperature was 99 F., the pulse rate 80 and the respira- 
tory rate 20; the blood pressure was 140 systolic and 80 diastolic. The pupils were pinpoint 
and reacted to light and in accommodation. The thyroid gland was uniformly enlarged and 
soft. The cranial nerves were normal. The lower extremities were weak bilaterally, but 
the reflexes were equal and active on the two sides. The abdominal reflexes were absent. 
The Babinski sign was not elicited. Position sense was diminished in the lower extremities, 
and vibratory sense was impaired as high as the iliac crests. There w^ere hypesthesia and 
hypalgesia below the third rib anteriorly and the scapular spines posteriorly. 

Course . — ^^Veakness in the low^er extremities w'as progressive, and reexamination on Octo- 
ber 1 revealed the following changes: The pupils w'ere small, the left being larger than the 
right, and both reacted sluggishly. There w^ere nystagmus on lateral gaze and ptosis of 
the right lid. The lower extremities w'ere completely paralyzed and flaccid. The knee and 
ankle jerks w'ere absent; the abdominal reflexes were absent, and there was no response on 



Fig. 5 (case 2). — Vacuolation or lacunar degeneration and frank necrosis; numerous corpora 
amylacea; hyperplasia of small vessels. Thionine stain; X 75. 

plantar stimulation. Marked relaxation of the sphincters w^as noted. Weakness e.xtended to 
the upper extremities bilaterally, the right arm being affected more than the left. The deep 
reflexes here w'ere equal and active on the tw'o sides, and the Hoffmann sign was not elicited. 
Sensory loss corresponded to that noted previously. Lumbar puncture on October 1 revealed 
a clear, colorless fluid, with a pressure of 75 mm. of w'ater. There w^as no rise on jugular 
pressure, and the rise and fall on abdominal compression were normal. The Pandy reaction 
was 4 plus, with a total protein content of 750 mg. per hundred cubic centimeters. There 
were 2 cells per cubic millimeter, of which 1 was a lymphocyte and the other a polymorpho- 
nuclear leukocyte. The Kahn reaction w-as negative; the colloidal gold curve was 5554444320. 
The Kahn reaction of the blood was negative. The basal metabolic rate w as 4-3 per cent. 

The electrocardiogram w'as suggestive of myocardial fibrosis. A roentgenogram showed gen- 

eralized demineralization of all vertebrae, wdth early spondjditis. 

The patient complained of almost continuous pain in the shoulders and chest and of numb- 
ness and tingling in both arms and legs. She became progressively weaker and more helpless 

and there \yas ^ considerable muscular wasting. On October 8 coma ensued, with Che 3 me-- 

Stokes respiration, irregular, feeble pulse and a fall in blood pressure, and the patient died 

.\ccrops }\ — There were carcinoma of the thyroid gland, with questionable metaslases to the 
kidney ; senile emphysema, and toxic changes in the spleen and liver. 
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The brain appeared entirely normal on gross examination. On palpation the upper thoracic 
portion of the spinal cord was moderately softened. Section at the fifth cervical level revealed 
a duslcy gray discoloration in both anterior horns. 

In the lower cervical and the upper thoracic segments, numerous areas of reddish dis- 
coloration were seen throughout the substance of the cord, particularly within the lateral 
and posterior gray horns and in the adjacent white matter. In the midthoracic region, the 
central canal appeared enlarged. From the sixth to the tenth thoracic segments, a large 
cavity was centrally located, being of maximal size at the eighth thoracic segment, where it 
measured 2 mm. in diameter. Below this region, and extending down to the first lumbar 
segment, the gray matter about the central canal appeared softened and mottled. The most 
caudal segments appeared normal on gross examination. 

Microscopic preparations revealed extensive patchy demyelination throughout the upper 
thoracic region, imparting a diffuse moth-eaten appearance. Widespread fragmentation and 
formation of lacunas were noted where the myelin sheaths had been destroyed. The axis- 
cylinders were considerably swollen, and numerous compound granular corpuscles were seen. 
The neurons were pyknotic and shrunken and stained homogeneously. Chromatolysis and 
nuclear destruction were prominent. In the midthoracic region, the central portion of the 
cord was occupied by a large cavity. This extended from the region of the central canal 
into the adjacent gray matter. Pronounced gliosis, chiefly of the fibrous type, was seen 
surrounding this cavity. 

The blood vessels, particularly in the areas which showed the most profound degeneration, 
were the seat of advanced changes. Hypertrophy of the intimal and the subintimal layer 
accompanied extreme narrowing of the lumen in the small vessels within the cord. Throm- 
bosis and hemorrhage occurred in several of these vessels. The larger surface vessels, as 
well as the penetrating branches, showed moderate hyperplastic changes. No significant 
inflammatory infiltrations were seen. 

The cerebral hemispheres and the brain stem presented no significant alterations. 

Case 3. — History. — J. M., a white man aged 36, was admitted to the hospital on April 20, 
1942, complaining of weakness of the left leg and numbness and tingling of the right leg. 
About ten days previously he had noted cramplike pains in the right thigh. Two days later 
his left foot dragged and the leg felt heavy. Weakness was progressive, find a deep, dull 
pain persisted. Numbness of the right leg appeared a few days after the onset, and the 
extremity became tired easily and was somewhat weakened. The history was otherwise 
unrevealing. 

Ex-amination . — There was decided weakness of the left lower extremity, involving the 
thigh, leg and foot. The patient could lift the heel to the knee, but could not dorsiflex or 
plantar flex the foot, nor could he wiggle the toes. The deep reflexes were hyperactive in 
this extremity; ankle clonus was sustained, and there was a positive Babinski sign. Abdominal 
• reflexes were absent bilaterally ; the cremasteric reflex was present on the right side and 
absent on the left. All other reflexes w'ere normal. There was no impairment for position, 
vibration or light touch sensation. There was analgesia for pinprick in the right lower 
extremity and over the trunk as high as the seventh rib on the right side, the area reaching 
just to the midline anteriorly and posteriorly. There was a greater degree of sweating on 
the left side than on the right. Nystagmus was noted on lateral gaze in either direction. 
Examination otherwise revealed nothing abnormal. 

Lumbar puncture, performed the following day, revealed that the spinal fluid was clear 
and colorless, with normal pressure and manometric readings. There were 2 cells per cubic 
millimeter and 22 mg. of protein per hundred cubic centimeters. The Wassermann reaction 
was negative ; the colloidal gold curve was 0000000000. 

Course. Two days after admission, the patient complained of pain in the left flank and 

difficulty in starting urination. Urinalysis and studies of the blood showed nothing significant, 
and a roentgenogram of the spine revealed no abnormalities. The patient left the hospital 
about a week after admission, with no essential change in his condition. He was again hos- 
pitalized on May 4. He had been catheterized regularly and had some fever, but the urine 
was not grossly infected. The paralysis had continued to ascend and now involved the left 
hand severely and the right hand to a lesser extent. The lower limbs were completely 
paralyzed and flaccid. Reflexes were diminished, and the Babinski sign was absent. The 
sensory level had ascended to the cervical dermatomes. There were complete loss of sensa- 
tion below the nipple line, diminution of sensibility for all modalities as high as the eighth 
cervical segment and impairment of perception of pinprick up to the level of distribution of 
the trigeminal nerve. The patient was unable to turn over in bed or to breathe while lying 
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on his face. Priapism was noted, and there was nuchal rigidity with pain on forward flexion. 
No abnormalities of the cranial nerves were detected. Tympanites developed and became 
persistent. 

Another spinal puncture revealed slightly xanthochromic fluid, with 320 cells, mostly leuko- 
cytes, and an increase in protein. 

Large bed sores developed, and the patient died on May 21, about six weeks after the onset 
of symptoms. 

Necropsy . — The brain showed no gross abnormalities aside from moderate edema. The 
spinal cord was removed intact, with the dura unopened. No abnormality was noted in 
the spinal canal. The dura was slit to expose the cord, the surface of which appeared grossly 
normal. Transverse section in the cervical region showed normal demarcation of the white and 
gray matter. The cord was edematous, and the cut surface rolled up. Section in the lower 
thoracic region disclosed a very soft, pulpy substance, and the gray matter could not be 
distinguished. The lower segments of the cord were softened. After fixation, sections revealed 
that the normal markings were obliterated below the midthoracic region. 

Microscopic preparations revealed profound alterations within the spinal cord. In the 
lower thoracic and the lumbar and sacral segments scarcely any recognizable architecture could 
be made out. No nerve cells were preserved. In cross section, the cord was free from 
myelin and nerve fibers and presented a host of granule cells loaded with reddish-staining fat 
in Sudan preparations, along with a delicate reticulum of connective tissue. Little gliosis, little 



Fig. 6 (case 4). — Sections showing complete loss of form of the spinal cord, with hemor- 
rhage into the parenchyma. Weigert stain; X 4. 

inflammatoi'y infiltration and no inflammatory exudate over the meninges was evident. The 
process was intraspinal in extent. The central canal could usually be made out, but beyond 
this the tissue showed almost complete destruction. The vessels of the cord showed little 
change other than proliferation of new ones. The anterior spinal artery was intact in all 
sections. 

The upper thoracic and cervical regions showed much better preservation, except in the 
myelin preparations, which revealed almost total loss of myelin in the dorsal columns, with 
large vacuoles in^ the ventral and ventrolateral regions. Fat-filled granule cells were fairly 
numerous, appearing chiefly in the dorsal columns. However, the ventral horn cells were also 
affected, showing rounded outlines, eccentric nuclei and loss of chromatin. 

The process seemed to stop short of the medulla, and at the level of the nucleus of the 
twelfth nerve no myelin degeneration or reaction of any kind could be seen. No abnormality 
was observed in the pons, midbrain or cortex. 

Case 4. — History. — O. U., a white woman aged 55, entered the hospital complaining of 
paralysis of the legs and inability to void. Ten days prior to onset of the present illness she had 
had an acute infection of the respiratory tract, from which she recovered without apparent 
incident. On January 22 she noticed that the left hip was numb and then the left leg, and later 
in the day the left foot became paralyzed. On January 23 she was unable to urinate and the 
right leg became weak. She entered the hospital on January 25. The history was otherwise 
unrevealing. 




Age, Yr.; History and Onset 

Sex of Illness Clinical Observations Course and Duration Spina) PJuid Postmortem Observations 


c s' 

'O « 
o CS 
G c^t> 

*0 ‘"'3 

O 

r*> 

VS O' 
is M' 
O c-*-* 

t) ^ OT 

O o 

•♦-•..h'O 
« M' 

M e3 

S'® 

M C3 
c3 3 Ui 
tJC 


w t) O 
« 

^ S G 
G-S S:§ 

O. G ti 

••S ^ 2 

.i5“g 

« M 

Sag'S 

a ft— 
a'Se S 
6 Co 
eg," g 


|2n 

C->t^ =: 


Su.2 

6“ a to 
3 H « 
G m— K 
55 fl o 


'35 

“P f 


"o S'® 

IsjS-iM 




.VtS 
u *r o Q 

oo So QO 

O ® o y ^ 


5 .Go 5 

^ H 4.i rH 

*5. *,• 

t? « G O 

6 0*2 p. J. 


Ci 


?5 P*® 


I J., 

. Geo 

tB O 

a”"' 




:S 


« a 
as 


5 03 
0*^5 
£"S 

? t* <u 

Z~P 

c S’® 
oSg- 

V. e y a ,2 


§& 

1 " 
“S o 
~E 
>i>n 


O 

fc- w o 
O. 

^“.2 
M ^ O 

3 ocs 

si ^ 


Ci ‘^•rr 


G g: 

■c« 

S-S 

‘6 si 

C.0 4J 

CJ 3 o 
C* 7; W 

W S c 
<5-0 o 


*3 >» 
og; 


tL ^*5 

V . • 3 .£f 

^ M 

Rti 6fl G 
,£? O G o 


ai 

o Q 33 G '2 

CQ g»+J « O 


Q) z> G-*-* 
G .G G w O " 
3 5 G‘-- 3 
a o ^ g-'O 
« fc-ca S S P 
>'ti « G 2 o 

P" G M .3 ft W 


c.S§, 

-'05 


3 

>*£2 
G3 - 


3 a> 


5t» O 


3? 

G o 
. «J 03 
»H G CO 

PxOg 

.3 

.2^1 


3 a n 
,S o o 


3 *M to 

®°a 

'"SS 

> CJ 3 
O to 

g G ^ 
C w >2 
ais5 

■** >* s 
■sSh 

^■g g 

O ^ G 


, p 5.- 

t.G Og* 


5 o 

G ^ 
rp Go 

5J2J 


to e-« 

O G <y 

a.S's 

2^0 

O^js 

CO 

J3 >» G 

,4J C) — 
ti'® G 


b*P e p 
S5 


3 

G O 

2 I 

J-agg..'^ 
•sa-ga . 

a 2 2 O eoS 

Saga&s 
p o to.S 5 > 

- w G P, 


“ ° 0 
ft"” I 
ag” 

'“ B’d 

•W U 

G CO G 

a«ii 

O o 

•sag 

"•s’2 

0.-SO 


»Q *0 >1 >»3t 

•S § S ft “ 

■ G G S? 2*^ 

o G G § O e 

4^ o ihg: tS g 

K ftg ft a tnS 

“••a'^8« 
• >■” s, •■° ® 

a M'S to o E e 
Ooftfi Soa 

o 3 G .5? Cl ^ a 

U CO 5 CO M ‘G 




ri I 

gac 

^‘5-2 

G I" CJ 

G a G 

i-<.3 Cl 

. O Ih 

fO o O 
a t-tjs 
a AG 

.*•1* •• 

*2 + 2 
*3 4- 

*^1 
Cl ^ 


5 G o 

-3 ES 
o oS 
tC3^ 
*3 0 0/ 

■:=S| 

•3 to O 

O tfi c 

3 o 3 
c *-• 3 

Sp^s 


w p^ 


'G.s 

si^G o 
5 S'" p 

c“.Og2 
3ft := ft 

■g o“oo 
,8 a:s*=-“ 

*^.57 o c- 
CO 3 i£ 
^ Cl ® C C 
G^ ? O O 

U Ut U 
B a GO Cl 
G g'Gv^C^ 
Ph O. V G 3 


C45^ 

S"SS' 

■ 


’-' " s a 

Cl CO .C G 

gga« 
5 ftoS 

4 .., CO -w Cl 

OSH'S 

CO £.3 £ 
«C3 c G 

cl|2 

■3 • .r 

G CO >J S 
Cl Cl ^ ^ 

&Hg2 


3 CO 

,^33 

'■"■s § 

— o u 

G CO G 
Cl co-w 
Cl CO 

t2 G 

U o 
2JSco 

’ .- G 

'*2 G^ 

oi|,S2 

“iSs 

CO I- M ■*.» 

>»G S 3 


O O 

•gag§ 

o *0 
■Gog 
- p term'd 

M *“ g; G 

'® • w 

§I§H« 

a.B o ft y 

“ ^ .t, o 

.as ft £.u 

-=*o a oft 


S SSSS 


, C A ft 

•is "S 

G cJ;^ rt 

gSg .a 

1-3 “.Eg 

o es 0,3 c3 

a'°s.>= 
gSsS'S 
e ft ft—s 
•"..ftftji 

>>ft a ft— 


ftst o 


o2-- 

3 m 


H*a Cl 

i-c'OtG S 
rO Po^ " 

05-3 m ft 

G to j3 

Cl o Cl G 
$-<^ Cl g 

o og P 

_ C3 o to 
^ to G 3 

°S 2 

O -4^ .3 O o 


CO — 

"G c) 

gS" 

>Eg.„ 

ft "-t C-ft 

1^ — ft 

-gftp 

o-rftg 

ggc.S 

OfT;3 O W 

p .c5ti 

*-*4^ E G 

5 G o 2 

Ss £ O 

^ M Q 

2 s og 

■G G 3-2 
— ■** — to 

.2°t. 


:is.s 

tn le- 


ft's 

ft ft 

£-^ 
G ^ 


Stic 
8Eft 
.?» ft 

JjC. g 

2 s S 

oSS; 


oS 
o >, 

JZ CJ 

C.S'ft 
£ — 0 

" s 


W O 

El-! 


0 — 

0=5 ® 

P G mT P A 
goSS ■= 
*^0.3*7 G 

^ C 3t ^ O 

** O O 
^ o o to m 

^30 

to * • o Cl £ 

i?g-2‘"S 

€2!S**** 

P“^i 

— Cl — O M 

S «e o 

ot;$2’= 

*^“g'3’3 

c *-. G O Cl 

JefftOft 

■< 3 Cl— o 


. G O 

“n p • 

g i“ 

<5*' »'5 I- 
^ ,G 

SS ag 

G 'w to Cl 
A O 
S-S o 
m 2 
^ 5 o3 
•2^3** 

CO 3 ..Q 0 

S pgS^ 
^ o O S 

ft a n ..*-• 

"3 to S— Cl 
0*3 -i* O'*** 
e A o 
S e; G 


355 


E . 

— to G O 

Cl ti) w 
^ X — — 

P O G 43 « 
!>C3— 3 m cS 
O S '3 G p, 

Spill 

O-fe-ft-O M*" 

— 4J G G ^ 

O G^ ” O’*-* 
iH'rt'M ^ Cl 

SSo°’g'S 

Cl ^ G O P P 
Q 2?,« o G O 
3 o ^ 


^I^gftgaalga 


5 

■Q ° o 

*3 — 

•m P-P 
ft ,&-n 

o— s; 
sa^s 

Ao 02 
0 

o ■*^ o. 
iM '/• A-w 
g Cl ®43 

G £ G M 


C 

S — 

435^ 3 

E^.£ 

= oE 
« tflx 

3 C O 


i:— 

o" O 
"^'O t- 
«M p 3 
® «m 
to 05 ^ 

m CO c: 
O Cl r» 
C C ^ 
,liS.CO 
G G^ 
g3|fl 
1 >g5 


0 G 

•^'E 


•*■* 

O C) ;3 

•a'='5g§|,„ 

2giisi° 

0 .2 S c = G 
£4-1 G Cl G> o 

"S g ft's d-S 


E ft o" a l 
— p H b 


G C 

CC LT^-* ^ — 
m tx G 

o G 
C to 43 *3 ,0 


Sj 3505 Gfag 
o o tog tc2 
•g.-gtoNoga'P 

P 55 o ^ 6^2 S 

5 o ^ o G ^ O 
3 •‘CI43 — — ^ 

Cl 1-4 G O GS 

'O o CO « G m 
Cl prp O 


S'® E O G .. 

0 tJ O •t^ r“ — • e* 
m fiO> 4 ,» 3 T 7 



ft 5 g ft 

G*— o »-* 
ft 

a >>— 
o-ft a ft 

i: tc o . 
ft w •< 

.2'=g? 

2irg= 

e-aS a 

.«ei: 

°'=S'£ 

Cl 45,— t» 
C^ CT ^ 

E ci: 
<= g'S 


- Cl 


Cl G Q 5 3 3* 

<Jt3 S 355 O F=^ 


X »- 

o5 c 

i^s 

C etjp 

^ m to 

3S — 

Si & 

« 5 o 

C^ t- CO 

55 C 

X Cl 
Cl CO 


4J 5^ ^ 

a «— i 

2 a-u a 
■£» ft o p 


£2cg 

'S ft ft 
SoftStt 
Cl « 

M f. ^3 M 

^ G >.S 
J to 

w “s 

.2 ^ G *M 'M 
^ g4l 3 o 
S'O S .* m 
PSgoH 

>-4ih^5 3 


•M O , 

O t- , 

AG CS,; 


702 



JAFFE-FREEM AN— SPINAL NECROSIS AND SOFTENING 


703 


Examination.— The. temperature ranged at about 100 F., the pulse rate about 100 and the 
respiratory rate about 20. The blood pressure was normal. 

The cranial nerves were normal. 

There was flaccid paralysis of the lower extremities, with loss of tendon reflexes. The lower 
abdominal reflexes were absent, and the upper ones were intact. Sensory examination revealed 
a complete loss of sensation extending to the level of the twelfth thoracic segment on the right 
side and to the tenth thoracic segment on the left side. Lumbar puncture on January 28 
revealed hazy, pale yellowish fluid, under a pressure of 125 mm. of water. The total protein 
was 176 mg. per hundred cubic centimeters; there were 439 red blood cells and 658 white 
cells per cubic millimeter, with 95 per cent polymorphonuclears. The Kahn reaction was 
positive, and the colloidal gold curve was 1112311000. 

The blood count was normal, and the Wassermann reaction of the blood was negative. 

Roentgenograms of the spine and chest revealed nothing significant. 

Course. — On February 1 the abdomen was distended and tympanitic. There was extension 
of the motor involvement to the upper extremities, with weakness of the hands and some 
difficulty in respiration. Analgesia now extended to the xiphoid cartilage and anesthesia to the 
umbilicus. All sensation was absent in the lower limbs, which were the seat of flaccid paralysis 
with areflexia. Lumbar puncture now revealed a deep yellow fluid, with 32 red blood cells 
and 17 white cells, 90 per cent of which were polymorphonuclears. The Kahn reaction was 
negative and the colloidal gold curve was 4444332200. 

On February 2 there were slight cyanosis, difficulty in swallowing and inability to protrude 
tlie tongue; Ascent of the paralysis continued, and on February 4 an area of hyperesthesia, 
extending to the clavicles, was noted. There was no response to sulfapyridine (2-[paraamino- 
benzenesulfonamido] -pyridine) therapy, and death occurred on Februarj' 5, two weeks after the 
onset of symptoms referable to the spinal cord. 

Necropsy. — Softening of the cord was extensive, with maximal involvement in the thoracic 
segments. In this region massive central necrosis was seen, with herniation of the substance 
of the cord through the incised dura. Microscopic preparations through these thoracic segments 
were so fragmented and distorted that the internal structures were difficult to recognize. 
A large central infarction with advanced coagulation necrosis, surrounded by a zone of hemor- 
rhage, was seen in the lower thoracic segments. The higher thoracic segments showed 
somewhat better preserved architecture, but there was uniform cellular destruction, and only 
a few viable nerve cells remained in one portion of the anterior horn. 

In the cervical region, sections revealed still better preservation of structure. Degenerative 
changes in the anterior horn cells were seen, and there was a pronounced vascular reaction. 
The latter was widespread throughout the cord and consisted of endothelial swelling of the small 
vessels, as well as moderate medial and intimal thickening of the larger ones. In many 
instances there was fragmentation of the elastica in the medium-sized vessels. About a number 
of the penetrating vessels of the cord there was a coagulated, acellular exudate, which stained 
deeply with eosin. Many of these vessels were thrombosed. Gitter cells were numerous 
throughout the areas of softening. No inflammatory reaction was seen, and a glial reaction 
could not be demonstrated. 

Sections of the medulla and pons revealed no frank lesions. Cell stains showed a relatively 
normal picture, and myelin sheath stains here showed no remarkable degeneration. 


COMMENT 

A number of observations may be made from the foregoing descriptions. The 
cases recorded in the present report, as well as those summarized from the 
literature, fall under two heads : the acute and the subacute or chronic type. 

The acute type varies in duration from ten days to three months. The onset 
is usually abrupt, with flaccid paralysis and complete sensory loss from the start. 
Pains and paresthesias are sometimes noted. Ascent of sensory and motor impair- 
ment may occur over a period of several days, although in a few instances the 
level remains stationar}\ An acute febrile course is occasionally seen-, but for the 
most part fever appears with the advent of infection of the urinary tract or terminal 
infection of the respiratory tract. The spinal fluid in general shows an increase 
in protein and cells, although occasional dissociation and some normal fluids have 
l)een recorded. ^ The course is progressive, without remission, and is invariablv 
fatal. Anatomically, the striking featui'e is softening of the spinal cord, with 
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disruption of the normal structure. Destruction includes both the white and the 
gray matter as a rule, although some authors have described predominant involve- 
ment of the white matter. Both the myelin sheaths and the axis-cylinders are 
generally affected. In some areas a spongy or lacunar appearance is imparted as 
the result of diffuse demyelination. Cellular reaction is generally not of an inflam- 
matory nature, although in some of the cases reviewed lymphocytic infiltrations 
were noted, and in a few polymorphonuclears were seen. Compound granular 
corpuscles are seen in large numbers. The intramedullary blood vessels are 
generally hyperplastic and sometimes thrombosed, and occasionally hemorrhages 
are noted. 

The subacute or chronic type varies in duration from several months to two 
years or more. In an impressive number of cases weakness of the lower extremities 
is at first accompanied by increased tonus and hyperactive or well preserved 
reflexes, with subsequent change to flaccidity, atrophy and loss of reflexes. Sensory 
loss, as well as motor impairment, frequently shows ascent, and early sensory 
dissociation later becomes complete. The prevailing change in the spinal fluid is 
increase in protein, sometimes with pleocytosis, sometimes without. The pathologic 
changes include softening, usually maximal in the cervical or the thoracic region. 
Degeneration involves the white and the gray matter, although some authors have 
described predominant changes in the gray matter. Fragmentation, vacuolation 
or frank necrosis of the parenchyma, with homogeneous appearance and failure 
to stain, are seen. Demyelination, with a spongy appearance, may be noted. 
Vascular hypertrophy is frequent, the large extramedullary vessels being involved 
in- some cases but the intramedullar}’’ vessels being affected more notably, with 
narrowing of the lumen. Necrosis or degenerative softening is generally most 
advanced in the neighborhood of the vessels which show most striking hyperplasia. 
Inflammation is characteristically absent, although not invariably. Occasionally 
lymphocytic infiltrations are described. Compound granular corpuscles are seen 
in many areas, and reactive glial changes may be present. 

There is no intention here of classifying this general picture as an entity; 
rather, our purpose is to indicate trends and similarities in a number of diverse 
cases, some of which may represent the activity of a specific toxic or infectious 
agent. 

It is interesting to note the general disagreement with regard to nomenclature. 
Among the early authors who criticized the inaccurate use of the term "myelitis” 
in referring to many different diseases of the spinal cord were Bastian,^® Singer,®® 
Biernacki,^® Starr,^^ Oppenheim and Henneberg.^® These authors demonstrated 
that in many cases a condition designated as myelitis was actually softening due 
to vascular occlusion, and this view has long been substantiated. 

Wilson coined the term "thrombomyelia” to describe the myelomalacias of 
varying origin. Numerous known precipitating factors have been described, the 

38. Bastian, H. C. : Thrombotic Softening of the Spinal Cord as a Cause of So-Called 
“Acute Myelitis,” Lancet 2:1531 (Nov. 26) 1910. 

39. Singer, H. D. : Pathology of So-Called Acute Myelitis, Brain 25:332, 1902. 

40. Biernacki, E. : Myelopathia endarteritica acuta, Deutsche Ztschr. f. Nervenh. 10 : 
173, 1897. 

41. Starr, M. A.: Organic Nervous Diseases, Philadelphia, Lea Bros. & Co., 1903, 
chap. 19. 

42. Oppenheim, H. : Zum Kapitel der Myelitis, Berl. klin. Wchnschr. 28:761, 1891; Lehr- 
buch der Nervenkrankheiten, ed. 7, Berlin, S. Karger, 1923, p. 447. 

43. Henneberg, R. : Die Myelitis und die myelitischen Strangerkrankungen, in Lewandowsky, 
M.: Handbuch der Neurologie, Berlin, Julius Springer, 1911, vol. 2, p. 694. 
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condition having been recorded as a sequel to influenza/^ metastatic abscess,^® 
Pott’s disease/® antityphoid and antirabic inoculation, therapy with arsenical 
and sulfonamide compounds,®® toxic absorption from malignant tumors,®^ indirect 

■ trauma,®- syphilitic and arteriosclerotic ®® thrombosis, arteriosclerosis of the 
aorta, with occlusion of intercostal and lumbar arteries,®^ and embolism secondary 
to bacterial ®^ or parasitic infection.®® 

' A contributing factor to the lack of uniformity in pathologic observations, and 
hence classification, may be that bacteria, as well as inflammatory cell infiltrations, 
can disappear early from true myelitic foci, with little remaining evidence of the 
inflammatory nature of the lesion. In the case of Cassirer and Lewy,^®® which 
was clearly one of metastatic myelitis, changes in the spinal cord were not unlike 
those noted in some of the cases reviewed in this paper, the lesions in the latter 
being usually ascribed to some toxic-infectious process or degenerative softening. 
The experimental work of Lotmar ®® presented further evidence of this fact. 
Injection of dysentery toxin into rabbits produced necrotic foci in the spinal cord, 
with degeneration of nerve elements and regressive glial changes, without much 
evidence of inflammation. 

Variability of the inflammatory process is notable in cases of the disease fol- 
lowing grip or influenza. Inflammatory changes were negligible in the cases of 
postinfluenzal myelitis included in our review, but were prominent in the cases 
described by Spiegal,^'*® Puusepp and others. 

44. (a) Spiegal, O. : Myelitis nach Grippe, Wien. klin. Wchnschr. 32:907, 1919. 
(&) Puusepp, L. : Akute aufsteigende Myelitis als Komplikation der Influenza, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 87:377, 1923. 

45. (c) Cassirer, R., and Lewy, F. H. : Ein Beitrag zur metastatischen Myelitis, Monatschr. 

■ f. Psychiat. u. Neurol. 52:127, 1922. (b) Henneberg: Ascendierende, infiltrative Myelitis nach 
Erysipel, Zentralbl. f. d. ges. Neurol, u. Psychiat. 28:240, 1922. 

46. Hassin, G. B.: Histopathological Changes in Five Cases of Myelitis, M. Rec. 90:619 
(Oct. 17) 1916. 

47. Divry; Moreau, M., and Ory: Myelomalacie a evolution foudroyante, survenue apres 
une vaccination antityphique, J. de neurol. et de psychiat. 29:369 (June) 1929. 

48. Cacciapuoti, G. B. : Trombo-arterite midollare con sindrome di Brown-Sequard da 
vaccinazione antirabbica, Cervello 12:189 (May) 1933. 

49. Glaser, M. A. ; Imerman, C. P., and Imerman, S. W. : So-Called Hemorrhagic Encepha- 
litis and Myelitis Secondary to Intravenous Arsphenamines, Am. J. M. Sc. 189:64 (Jan.) 
1935. Mingazzini, G. : Klinischer und pathologisch-anatomischer Beitrag zum Studium der 
Myelitis haemorrhagica postsalvarsanica, Deutsche Ztschr. f. Nervenh. 104:1 (June) 1928. 

50. Schubert, M. ; Todesfall infolge Ruckenmarkserweichung nach Uliron (Kombinations- 
schadigung), Dermat. Wchnschr. 107:1361 (Nov. 19) 1938. Santo, E. : Ueber eine schwere 
Erkrankung des Riickenmarkes nach Ulironbehandlung einer Gonorrhoe, Frankfurt. Ztschr. f. 
Path. 53:105, 1939. Germain, A., and Picard, P. : Myelite necrotique subaigue consecutive a 
I’injection intrarachidienne de 693 en solution sodique dans un cas de meningite cerebro-spinale. 
Bull, et mem. Soc. med. d. hop. de Paris 56:670 (Nov. 25) 1940. 

51. Spiller, W. G. : Rapidly Developing Paraplegia Associated with Carcinoma, Arch. 
Neurol. & Psychiat. 13:471 (April) 1925. 

52. Grinker and Guy.^s Cadwalader.^s 

53. Zeitlin, H., and Lichtenstein, B. W. : Occlusion of the Anterior Spinal Artery, 
Arch. Neurol. & Psychiat. 36:96 (July) 1936. 

54. Janota, O., and Jedlicka, V.: Pfisevek ke kapitole o myelomalaciich, Casop. lek. 
cesk. 74:681 (June 21) 1935. 

55. Rizzi, I.: Degenerative Myelitis Due to Echinococcus Embolism, Riv. di pat. nerv. 
45:397 (March) 1935. Deve, F. ; Lhermitte, J., and Trelles, J. O. : Myelomalacie, para- 
lysie extenso-progressive secondaire a I’echinococcose intrarachidienne lombaire. Rev. neurol. 
1:623 (April) 1932. 

56. Lotmar, F. : Beitrage zur Histologic der akuten Myelitis und Encephalitis, sowie 
verwandter Prozesse; auf Grand von Versuchen mit Dysenterietoxin, in Nissl, F., and 
Alzheimer, A.: Histologische und histopathologische Arbeiten fiber die Grosshirnrindc Jena 
G. Fischer, 1913, vol. 6, p. 248. 
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Some disagreement has recently arisen regarding the term “necrosis,” which 
has been applied rather freely in the cases included in the present review. Hassin 
differentiated softening and necrosis. He maintained that a necrotic area should 
be amoi-phous, devoid of blood vessels or any other tissue elements and incapable 
of staining. Other investigators have implied a more general process, characterized 
by destruction of the essential functioning elements of the’ tissue. 

'V\^ith regard to the etiologic factors and the pathogenesis, little can be added 
here which has not already been considered. In the cases reported the age incidence 
was predominantly between the third and the fifth decade, and the cases were almost 
equally distributed between the sexes. The history of a previous illness was in 
most cases questionably related to the onset of involvement of the spinal cord. 
In most instances no preceding illness was noted. In a few cases the presence of 
hypertension or albuminuria had been known. Lead colic had occurred in 1 of 
the cases of Foix and Alajouanine, and Moersch and Kernohan, in the investi- 
gation of their cases, made determinations of lead, with negative results. Gout 
was present in 1 case. In 3 cases the onset was associated with or shortly followed 
pregnancy and childbirth or abortion. In a relatively large number of cases (6) 
the disease occurred after infections of the respiratory tract, namely, grip or 
influenza. (Excluded from this study are the numerous cases of unquestioned 
postinfluenzal myelitis.) A Icnown bacterial infection or local abscess preceded 
the onset of spinal symptoms in a' small number of cases, and fever and chills 
without known infection, in an additional few. Direct trauma to the back, or 
indirect trauma by strain, preceded spinal symptoms bj-^ varying intervals in 5 
of the cases included in this review. No evident vascular occlusion was noted in 
any of these cases. On the other hand, strain or indirect trauma caused softening 
and subsequent thrombosis in the cases of Grinker and Guy and Spiller (cited 
by Cadwalader It is possible that trauma may cause momentary vascular spasm 
or constriction, resulting in ischemic softening in one instance or actual thrombosis 
with softening in another. 

Malignant tumor was discovered, or had preexisted, in some other organ in 
the cases of Nonne, Juba, Feindel, d’Antona and Moersch and Kernohan (case 3) 
and in our case 3. In Nonne’s case there were metastases to the vertebral bodies, 
but the interspaces were intact and the meninges and cord free from metastases. 
The transmission of some toxic substance from the malignant tumor, bj'- n^a)^ of 
the blood stream to the spinal cord, has been suggested. There is no definite 
evidence for this assumption, but the possibility remains. 

On the whole, the toxic and infectious factors seem more prominent than the 
degenerative elements in the cases reviewed. This has been the impression of 
many of the authors reporting these cases. It has frequently been remarked that 
parenchymal destruction has seemed most prominent in areas showing maximal 
vascular hyperplasia. Indeed, it has been the usual observation that little or no 
hypertrophy of blood vessels was seen outside these areas. One would expect a 
degenerative reaction to be more diffuse in the spinal cord, as well as in other 
viscera. On the other hand, a toxi-infectious agent reaching the spinal cord by 
hematogenous transmission might well cause a destructive process in the paren- 

57. Hassin, G. B.: On Softening of Central Nerve Tissues, J. Neuropath. & Exper. 
Neurol. 1:200 (April) 1942. 

58. Grinker, R. R., and Guy, C. C.: Sprain of the Cervical Spine Causing Thrombosis 
of the Anterior Spinal Artery, J. A. M. A. 88:1140 (April 9) 1927. 

59. Cadwalader, W. B.: Observations on the Character of the Onset of Spinal Paralysis 
with Reference to the Significance of the Apoplectiform Type of Onset in Contrast to the Slow 
Progressive Development of Paralysis, Arch. Neurol. & Psychiat. 6:541 (Nov.) 1921. 
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chyma and reactive hyperplasia of the blood vessels. It was the opinion stated by 
Foix and Alajouanine that such a process had in their cases affected the media 
of the vessels and the parenchyma of the cord simultaneously. In no subsequent 
case was there the extreme hypertrophy of the large extramedullary vessels, which 
were described by these authors as having an "onion skin” appearance. In case 
2 of our series hypertrophy of these vessels was prominent (fig. 2), but not as 
remarkable as that noted by the French authors. Intramedullary vasctdar hyper- 
plasia was seen rather consistently. 

The occurrence of spasticity in the early phases in some cases, followed by 
flaccidity and loss of reflexes, is deserving of mention. It is likely that the early 
involvement of the white matter, with later destruction of the gray matter, accounts 
for this clinical feature. 

SUMMARY 

Necrosis or softening of the spinal cord has been described by numerous 
observers. Aside from the cases in which the cause was known to be thrombotic, 
traumatic, toxic or infectious, a general group may be considered in which the 
etiologic factors are obscure. These have been recorded under various headings, 
such as acute or subacute necrotic myelitis, progressive necrosis of the spinal 
cord, myelomalacia and myelodegeneration. There is little agreement regarding 
the etiologic factors or the nature of the pathologic changes. 

The literature is reviewed, and 4 case studies are presented to indicate the 
general clinical pictures and the predominant pathologic changes. 

It is suggested that in many of the cases reviewed, as well as in those presented, 
toxi-infectious causative factors and tissue reactions appear to exist. No specific 
agent has as yet been identified, but the possibility of its existence should be 
considered. 

Valley Forge General Hospital, Phoenixville, Pa. 

1028 Connecticut Avenue. 



INCLUSION BODIES AND LATE FATE OF GANGLION 
CELLS IN INFANTILE AMAUROTIC FAMILY IDIOCY 


OTTO MARBURG, M.D. 

NEW YORK 

The changes in the ganglion cells in infantile amaurotic family idiocy are well 
known through the studies of Sachs, ^ Schaffer, = Bielschowsky ® and Spielmeyer,^ 
to mention only the leading investigators in this field. There are lacking, however, 
investigations concerned with the later fate of the altered ganglion cells in cases 
of infantile amaurotic family idiocy of long duration, as are studies of inclusion 
bodies, which are obviously related to the late changes in the ganglion cells. 
Finally it would be desirable to establish the relationship between the pathologic 
changes and the clinical signs, since these signs cannot be explained exclusively 
by the alterations in the ganglion cells, which are affected throughout the entire 
neuraxis. 

For all these reasons the following cases were studied. 

REPORT OF CASES 
CHEMICAI. STUDY 

Case 1. — L. S., a 3 year old boy, was admitted to the Jewish Hospital of Brooklyn, 
service of Dr. Leo Davidoff, on Dec. 12, 1941 and died on December 24. 

Faintly History. — The maternal grandmother had a retroperitoneal sarcoma ; the paternal 
grandfather, diabetes. There was no other familial disease in the family, which was traced 
back to the great-great-grandparents on each side. The patient had a brother with a con- 
dition diagnosed as Tay-Sachs disease in 1936 (Dr. Bernard Sachs) ; this brother was 
admitted to the Neurological Institute of New York on Feb. 13, 1935 and was dismissed on 
March 26 of the same year, with the diagnosis of amaurotic family idiocy. He died at the 
age of IS months, of pneumonia. 

Illness on Admission. — The patient appeared to be normal until the age of 3 months, 
when it was noted that he was irritable and was startled easily. Since this reminded the 

This study was aided by a grant from the Rockefeller Foundation. 

Dr. Leo Davidoff put at my disposal the history in case 1, and Dr. Max Lederer fur- 
nished the pathologic specimens. 

This paper was begun in collaboration with Dr. Alexander Ellman, of the Brooklyn 
Jewish Hospital, who, however, had to discontinue the work because of service in the Army. 

From the Department of Neurology, Columbia University College of Physicians and 
Surgeons; the Jewish Hospital of Brooklyn, and the Research Laboratory for Neuropathology, 
Montefiore Hospital. 

1. Sachs, B. : (a) On Arrested Cerebral Development with Special Reference to Its 
Cortical Pathology, J. Nerv. & Ment. Dis. 14:541, 1887; (b) On Amaurotic Family Idiocy: 
A Disease Chiefly of the Gray Matter of the Central Nervous System, ibid. 30:1, 1903; 
(c) Pressing Problem Concerning Amaurotic Family Idiocy in Its Relation to Other Heredi- 
tary and Familial Diseases, in Internationaler Neurologen-Kongress, Copenhagen, Einar 
Nunksgaard, 1939. 

2. Schaffer, K. : Ueber das morphologische Wesen und die Histopathologie der hereditar- 
systematischen Nervenkrankheiten, Berlin, Julius Springer, 1926; Die pathologischen Reac- 
tionsformen des Neurons, Hirnpatli. Beitr. 18:37-42, 1938. 

3. Bielschowsky, M.; Ueber spatinfantile familiare amaurotische Idiotic mit Kleinhirn- 
symptomen, Deutsche Ztschr. f. Nervenh. 50:7-29, 1914. 

4. Spielmeyer, W. : Klinische und anatomische Untersuchungen uber eine besondere Form 
familiarer amaurotischer Idiotie, in NissI, F., and Alzheimer, A. ; Histologic und Histo- 
pathologie. Arbeiten iiber die Grosshirnrinde, Jena, Gustav Fischer, 1908, vol. 2, pp. 193-251. 
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mother of the sibling, the infant was given a thorough examination. Cherry red macular 
spots were noted in both eyes. The child was sent to the New York Hospital. After three 
weeks there amebic dysentery developed, from which he recovered in six months. In February 
1940 he was again sent to the New York Hospital but was discharged in two weeks because 
of an infection of the upper respiratory tract. In September 1940 the child contracted pneu- 
monia, from which he recovered in ten days. A few months after this it was noted that his 
head appeared to be larger than normal. Since then the head had increased steadily in size. 
During the three months before admission the patient lost consciousness three to four times 
a day for periods lasting up to one and a half minutes. During these periods the mother 
frequently saw the extremities shake. The patient was never able to sit up. He was able to 
move all his extremities, but the legs less than the arms. 

Physical Examination . — The child was well nourished and did not look acutely ill. He 
appeared to be hydrocephalic. He was quiet and showed no interest in his surroundings. 
When he was startled there were tonic and clonic convulsions of the arms and legs. He 
maintained a position in which there were pronounced eversion of the hips, flexion of the 
knees and plantar flexion of the feet. He moved his arms spontaneously and the lower 
extremities only when disturbed. There was marked hypertonicity of all the extremities. 
The pupils did not react to light. The eyes did not follow a moving light. They blinked 
when a threatening move was made close to them. The head measured 58 cm. in circum- 
ference. . The anterior fontanel admitted 1 finger and was shifted 2 cm. to the left of the 
midline. There was a corneal scar of the left eye. The disks were clear but atrophic. 
Cherry red macular spots were seen in both eyes. 

Examination of the chest revealed Harrison’s groove and coarse, bubbling bronchial rales. 

Course in the Hospital . — ^The temperature rose to 104 F. ; the respiratory rate increased 
to 56 a minute, and breathing became labored. Sulfadiazine (2- [paraaminobenzenesulfon- 
amido] -pyridine) was given by stomach tube, and the patient was placed in an oxygen tent. 
He died on December 24, at 11 : 15 p. m. 

Laboratory Data . — The blood count, made on December 12, revealed 74 per cent hemo- 
globin, 4,900,000 red cells and 9,400 white cells, with 59 per cent polymorphonuclear leuko- 
cytes, 38 per cent lymphocytes and 3 per cent monocytes. The number of platelets was adequate. 

Urinalysis revealed acidity, a specific gravity of 1.008 and a faint trace of albumin. 

Simultaneous lumbar and ventricular punctures, made on December 16, revealed no block. 
The colloidal gold curve showed no alteration. On December 17 the Kahn reaction, and on 
December 20 the Wassermann reaction, were negative. 

Diagnosis . — The clinical diagnosis was Tay-Sachs disease, bronchopneumonia and hydro- 
cephalus. The duration of the illness was two years and nine months. 

The primary anatomic diagnosis was bilateral focal pneumonia, with Staphylococcus aureus 
and hemolytic streptococcus ; bronchitis ; macrocephalus with sclerosis (Tay-Sachs disease) ; 
thrombosis of the dural and cerebral veins; subarachnoid hemorrhage; fatty changes in the 
liver, and necrosis of the thymus gland. 

Subsidiary changes were hydropic alterations in the adrenal glands and emphysema. 

Case 2. — An 18 month old Jewish girl was examined by Dr. Bernard Sachs, Dr. Louis 
Hausman and me (in private consultation). The family history was without significance 
■ except for a case of schizophrenia in the father’s family; there was no consanguinity, and 
both parents were healthy. According to the parents, the disease began at the age of 9 months, 
but sight was disturbed some time earlier. There was general weakness; later blindness 
occurred. Ophthalmoscopic examination revealed optic nerve atrophy and cherry red macular 
spots. The child was lying in bed with the arms in slight flexion, the legs abducted and 
everted at the hips, the knees bent and the feet in the equinovarus position. There were 
hyperacusis and hyperpathia. The tendon reflexes were not exaggerated; there were no patho- 
logic reflexes, but the abdominal reflexes were absent. No laboratory data were available 
except those from urinalysis, which were normal. 

The child died of pneumonia at the age of 18 months. 

The diagnosis was infantile amaurotic family idiocy. The duration of the disease was 
nine months. 

Case 3. — The case was one of Niemann-Pick disease with amaurotic family- idiocy. The 
duration of the illness was nine months. This case was studied in collaboration with Dr. E. 
Epstein and was prepared for publication at the Neurological Institute of the University of 
Vienna in 1935. 
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Case 4. — The case was one of amaurotic idiocy. The cortex has been described in a 
paper by Inalia.'* 


PATHOLOGIC STUDIES 


Case 1. — Spinal Ganglia. — In hematoxylin and eosin preparations the swollen cells showed 
a fine, dark blue dust around the nucleus, which was usually eccentric, while the cell body 
was bright red and contained very small granules. Occasionally the cell body appeared honey- 
combed, with vacuoles of varying sizes. In such a cell the cell body seemed to be repre- 
sented by vacuoles of different sizes surrounded by plasma, since there were no red-staining 
granules. In some cells there were tigroid bodies around the nucleus; in others, neither 
tigroid bodies nor debris was evident. Occasionally the nucleus showed homogeneous shrinking. 
In some cells the debris was coagulated, while the nucleus formed a homogeneous, dark blue 
mass (fig. 1). Later the altered nucleus became coagulated with the homogeneous debris, 
whereas the rest of the cell body remained unchanged and took a reddish stain. In some 
cells this remnant of the cell body was also altered and stained pale blue, without presenting 
any structure. Finally, both these amorphous masses appeared coagulated. At this stage the 
cell was represented by a shrunken, amorphous mass, which stained blue with hematoxylin 



Fig. 1 (case 1). — Inclusion bodies from a spinal ganglion, showing one cell with vacuole 
and another resembling an amyloid body. Hematoxylin and eosin stain. 


and resembled a cell only in shape. Some cells had completely disappeared, and the remaining 
gaps were filled with capsule cells. 

Some of the spinal ganglion cells contained inclusion bodies (fig. 1). They were seen in 
a reddish ground substance, stained somewhat brighter red, as though some material was 
extracted, consisted of small globules and gave the impression that they were situated within 
a vacuole, apparently as a result of shrinkage. Some, however, were dark blue,_ like amyloid 
bodies (fig. 1, ventral cell). The picture was similar in Nissl preparations, in which the 
inclusion bodies stained pale blue. 

With silver impregnation after the Bodian stain (fig. 2) two networks were stained: an 
interstitial one, in part regular, with very fine strands, and in part presenting thick and 
irregular strands; and a superficial network formed by fibrils which crossed each other 
and were intermingled with very fine sprouts of axons. The nucleus and the debris were 
black; the coagulated masses, grayish. The inclusion bodies^ were recognizable by a faint 
gray tint. The destruction of the ganglion cells caused an increase of capsule cells which 
filled the empty spaces. 

5. Inaba, C. : Zur Frage der amaurotischen Idiotic, Arb. a. d. neurol. Inst. a. d. Wien. 
Univ. 30:360-366, 1928. 
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In Sudan III preparations the cell bodies appeared light orange; they did not stain with 
osmic acid. In preparations stained with nile blue sulfate fine and coarse’ granules, as well 
as the inclusion bodies appeared darker blue than rnost of the finest granules. 

The iron hematoxylin stain revealed a very fine black network in the inclusion bodies, 
with grayish granules within this network. Some granules in the cell bodies stained black. 

Spinal Cord . — All the cells of the spinal cord were swollen (figs. 3, 4 and 5). Those of 
the posterior horn were less damaged than those of the anterior horn. In the smaller cells, 
such as those in Rolando’s gelatinous substance, there was no debris, whereas the larger 
cells, particularly those in Clarke’s column, presented the typical aspect of cells in infantile 
amaurotic family idiocy. Secondary changes were seen especially in the cells of the anterior 
horn. There were inclusion bodies (fig. 3), as well as transformation of the cell contents 
into amorphous masses (fig. 4). In addition to the, amorphous masses formed within the cell. 



Fig. 2 (case 1). — Spinal ganglion, showing a superficial and an interstitial network; in the 
right upper corner of the cell is an argentophobic inclusion body. Bodian stain. 


there were two other formations of such material. The first was easily recognizable by 
globular, sometimes irregular, masses arising from swollen axons (fig. 5) ; such formations 
are of frequent occurrence in cases of amaurotic idiocy. The second type of amorphous 
material lay apparently free in the tissue (fig. 6), without connection with ganglion cells or 
axons. All these amorphous masses stained the same color — pale blue with hematoxylin and 
grayish black with silver. In single cells, there were sudanophilic granules (neutral fat[?]); 
in other cells single vacuoles or fat droplets of various sizes (fig. 4) were apparent. 

Cerebellum . — Lack of ganglion cells was apparent in all layers. They were replaced by 
numerous scattered, round or pear-shaped bodies, the nature of which was easilj’ revealed. 
. Some of these globular bodies were remnants of swollen axons ; others were compound 
granular cells, which stained black with silver, like the globules. A third type was seen in 
the molecular layer within dendrites of damaged Purkinje cells (fig. 7), obviously inclusion 








Fig. 3 (case 1). — Inclusion body in an anterior horn cell. Hematoxylin and eosin stain. 



Fig. 4 (case 1).— Amorphous ganglion cell in the lower portion of the photograph; fat 
droplets of various sizes in the cell above it. Bodian stain. , 
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bodies which had been partly liberated by the destruction of these cells. The dentate nucleus 
(fig. 8) was severely damaged. Inclusion bodies, as well as shrunken, homogeneous cells, 
were present, in addition to the well known lipoidosis. There was an increase in the glia, 
indicating destruction of cells. Axons were scanty, but a significant lack of myelin sheaths 
was not recognizable. 



Fig. 5 (case 1). — Swollen cells from the anterior horn, with swollen axons. Bodian stain. 



Fig. 6 (case 2). — Amorphous masses free in the tissues; swelling of axons. Bodian stain. 


Cerebral Coricx . — All the cortical cells revealed a t 3 "pical change. The Schaffer stain 
revealed that many of the ganglion cells were filled with lecithinophilic granules; others were 
scantily filled, and the ground substance stained reddish with picrofuchsin (fuchsinophilic). 
In sudan-stained sections the ground substance was bright orange. 
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Fig. 7 (case 1). — Severely degenerated Purkinjc cell, witli tliree inclusion bodies in the 
dendrites. Bodian stain. 



Fig. 8 (case 1).— Section from the dentate nucleus, showing precipitations (left) and 
destruction of cells (right). Bodian stain. 
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Case 2. — ^While all the cells were degenerated, as in a typical case of infantile amaurotic 
family idiocy, most of the alterations in the cells described in case 1 were absent. There 
were only a few extracellular globules and irregular amorphous masses at the boundaries 
of the anterior horn (fig. 6). They originated partly from swollen axons, and some did not ' 
show any relation to surrounding structures. 

Case 3. — The cells in this case of Pick-Niemann disease were filled with hematoxylino- 
philic bodies; inclusion bodies were absent. In Bielschowsky preparations only the fibrils were 
impregnated; the cell contents remained unstained. 

Case 4. — ^All the cells were swollen, but no inclusion bodies or amorphous masses were 
observed. 

COMMENT 

The cell changes in cases of infantile amaurotic family idiocy obviously begin 
with swelling of the cell body, which may be of extreme degree. Closely associated 
with the cellular swelling are disintegration of the tigroid substance and the 
simultaneous appearance of fatty substances. The difference in these substances 
in the various forms of amaurotic family idiocy (infantile, late infantile, juvenile, 
adult and Pick-Niemann) is well known. The fat in infantile amaurotic family 
idiocy, as in Pick-Niemann disease, is hematoxylinophilic, but in the former it is not 
a phosphatide ; in the late infantile form the hematoxylinophilic granules disappear, 
to be replaced to an increasing degree b}’- sudanophilic and osmophilic granules. 
In cases of the longer-lasting infantile form as in case 1 in the present series, 
sudanophilic and osmophilic granules are seen, in addition to the hematoxylinophilic 
granules. Von Santha ® claimed that in these longer-lasting forms the hematoxylino- 
philic granules, indicating the presence of prelipoids or phosphatides, disappear, 
and the occurrence of light orange-stained droplets then indicates the transforma- 
tion of the granules into fat, approaching neutral fat. The same change is seen 
in case 1. In this case, there was in addition, a transformation of this fat partly 
or entirely to form inclusion bodies or amorphous masses, which led to the death 
of the cell. 

The inclusion bodies in amaurotic family idiocy are of great interest. First 
described by Bielschowsky ® as black bodies with clear centers occurring in the 
dendrite of a Purkinje cell, they were later observed by other authors. One may 
agree with Bielschowsky that these inclusion bodies do not belong to the pathologic 
picture of amaurotic family idiocy. It is questionable whether the globules 
described by Schob ^ correspond to these inclusion bodies. He observed them in 
the cells of the brain stem, where they stained bluish green with cres 3 d violet. 
Since in many cells there were fat droplets of different sizes and shapes, it is 
possible that Schob’s granules were fat droplets. An accurate description of the 
inclusion bodies in cases of amaurotic family idiocy was given by Hassin.® He 
noted them inside vacuoles in different regions (nucleus ruber; substantia nigra). 
But in the illustrations some of them are seen to be argentophilic (black) : others 
do not stain with silver or show only a grayish tint. Since the consistency of the 
inclusion bodies is different from that of the surroundings, occasional shrinkage 

6. von Santha, K. : (a) Ueber drei reine, von Niemann-Pickscher Krankheit verschonte 

Falle von amaurotischer Idiotic, Arch. f. Psychiat. 93:675-766, 1931; (b) Neuer Beitrag zur 
Histopathologic dcr Tay-Sachs-Schaffcrschcn Krankheit, ibid. 86:665-676, 1929. 

7. Schob, F. : Zur pathologischen Anatomic dcr juvenilen Form dcr amaurotischen Idiotic, 
Ztschr. f. d. gcs. Neurol, u. Ps 3 ’'chiat. 10:303-324, 1912. 

8. Hassin, G. B. : A Case of Amaurotic Family Idiocy: Late Infantile Type (Bielschow- 
sky) with Clinical Picture of Decerebrate Rigidity, Arch. Neurol. & Psychiat. 16:708-727 
(Dec.) 1926. 
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may occur,' as in case 1 in the present series, and the whole inclusion body may 
thus be removed, with a resulting empty vacuole on the slide. This is probably the 
. explanation of some of the single vacuoles seen in sections in case 1 . 

Credit is due to Liebers ® for having been the first to attempt differentiation of 
the inclusion bodies by various staining methods. In his case amaurotic family 
idiocy was associated with myoclonus epilepsy, as in my case 1, but not to so 
pronounced a degree. The inclusion bodies, which were seen in the globus pallidus, 
the optic thalamus, the dentate nucleus and the nucleus ruber, resembled amyloid 
bodies; they were acidophilic, lecithinophilic or lipoidophilic, whereas stains for 
glycogen gave negative results. Somoza described inclusion bodies in Purkinje 
cells as second nuclei, whereas von Santha,® after thorough investigation, noted 
inclusion bodies throughout the nervous system in 3 cases of infantile amaurotic 
family idiocy. He described greatly enlarged cells containing only argentophilic 
bodies, with the nuclei pressed to the periphery. It is significant that he saw fibrils 
entering these bodies and that occasionally from the borders of the inclusion bodies 
silver-stained rays ran into the surrounding tissue. 

In the present case there were inclusion bodies which reduced silver in 
Bielschowsl<y preparations, as well as inclusion bodies which did not reduce silver. 
Thus, there were two kinds of inclusion bodies: argentophilic and argentophobic. 
Both kinds stained almost equally well with other dyes. 'V\fith hematoxylin and 
eosin or with fuchsin they stained red, or occasionally reddish blue; in Nissl 
preparations they were pale blue. The argentophobic bodies showed a slight affinity 
for hematoxylin, perhaps also for nile blue sulfate, but they did not stain with osmic 
acid or scarlet red. 

Most investigators have held these inclusion bodies to be amyloid bodies because 
of their similarity to amyloid bodies in the brain. Hassin ® claimed that they were 
colloidal substances, “though morphologically they, in some instances, much 
resembled amyloid bodies and chemically lipoids. "Yet they were not affected by 
such chemicals as alcohol, xylene and ether.” 

It is impossible to discuss the origin of the inclusion bodies without considering 
the entire cell process in later stages. The two substances within the cell, namely, 
(1) the nucleus and the debris around it, chiefly protein, and (2) a fat mixture 
filling out the bulk of the cell, are changed in the later stages. The nucleus and 
the debris form a homogeneous mass which stains bluish black with hematoxylin, 
but the lipoids also become homogeneous, and their color changes from red to blue 
in hematoxylin and eosin preparations. Both of these substances then coagulate 
and form an amorphous mass, which stains grayish black in silver preparations 
and pale blue in hematoxylin and eosin sections. Occasionally one sees in a cell 
the nucleus only changed into a homogeneous mass, which stains black with silver. 
Thus, proteins, as well as lipoids, may finally stain black with silver. 

In a recent paper I described black granules in ganglion cells in cases of 
amaurotic family idiocy (silver reduction) and suggested that there is a process 
of dissolution in the cell in the course of which the tight linkage of protein and 
lipoids may be dissolved, with production of granules which stain black with silver. 

9. Liebers, M.: Zur Histopathologic der amaurotischen Idiotie und Myoklonusepilepsie, 
Ztschr. f. d. ges. Neurol, u. Psychiat. 111:465-484, 1927. 

10. Somoza: Ueber eigenartige zweikernige Purkinjezellen bei der infantilen amaurotischen 
Idiotie, cited by von Santha.®, 

11. Marburg, O. : Studies on the Pathology and Pathogenesis of Amaurotic Family Idiocy, 
Am. J. Ment. Deficiency 46:312-322, 1942. 
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M)’- later investigations showed that the presence of protein is not necessary for 
the reaction because unsaturated fat also stains black with silver. 

To study this problem more accurately, I proceeded as follows: An 
ammoniacal solution of silver, as used in Bielschowsky’s method, was added to a 
small amount each of an unsaturated fat, a neutral fat and lecithin; no reaction 
occurred. The addition of calcium phosphate resulted in no reaction, and the only 
change on addition of a solution of ferric ammonium sulfate was a precipitation 
of reddish corpuscles. Then a drop of solution of formaldehyde U. S. P. was 
added to the three test fats in order to reduce the silver; the reduction occurred 
first in the unsaturated fat and later in the neutral fat, while lecithin inhibited 
prompt reduction. The result was the same on addition of calcium phosphate. 
The same experiment performed on a glass slide showed the entrance of silver 
into the unsaturated fat, whereas in the case of neutral fat silver accumulated 
around the droplets. Furthermore, a fat droplet to which calcium phosphate was 
added stained with hematoxylin; it showed a concentric arrangement of dye, the 
outer ring being dark bluish, the inner ring bluish red and the innermost part almost 
red. Iodine added to the three test fats did not change the color, but a mixture of 
iodine and calcium phosphate, which is brownish, kept its color when fat was added. 

Since the similarity of the inclusion bodies to amyloid bodies has been empha- 
sized by almost all neuropathologists, the question arises what role fat plays in the 
formation of the inclusion bodies. 

Obersteiner described fat droplets in glia cells, which stained brownish black 

with osmic acid, the rest of the section remaining unstained. These droplets 

coagulate and then lose their affinity for osmic acid ; they form homogeneous, some- 
times concentrically arranged, bodies, which stain blue with hematoxylin. I saw 
them in hematoxylin and eosin preparations, being reddish in the early stages and 
later blue, while with the Bielschowsky method they stained black, like the inclusion 
bodies described by Hassin.® Similar observations were mentioned by Casamajor.^® 
Thus, these bodies consist of fatty substances, so-called prelipoids, as suggested by 
von Santha,® or to a greater degree of unsaturated fat, as I suggested. 

Waelsch suggested that the nature of the fatty acids in lipoids may influence 
their properties so that they show the characteristics sometimes of a prelipoid and 
sometimes of unsaturated fat. Thus the nature of the fatty acids may change, 

together with the staining abilities of the respective cells. 

In this connection one is reminded of the “brain sand” bodies (corpora arenacea, 
or psammous bodies). Investigations by Yoshimura,^® Windholz and me^® 
revealed the fact that the choroid plexus contains neutral fat intracellularly as well 
as extracellularly. Windholz assumed that this fat was the basis of the formation 
of the sand bodies, which stain first reddish with hematoxylin and eosin and later 
blue, the reaction obviously depending on the calcium content. It may be recalled 

12. Marburg, O.; Studies in the Pathology and Pathogenesis of Multiple Sclerosis, with 
Special Reference to Phlebothrombosis and Guiraud’s Bodies, J. Neuropath. & Exper. Neurol. 
1:3-13, 1942. 

13. Marburg, footnotes 11 and 12. 

14. Obersteiner, H. : Zur Histologic der Gliazellen in der Molecularschichte der Gross- 
hirnrinde, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 7:300-316, 1900. 

15. Casamajor, L. : Zur Histochemie der Ganglienzellen der menschlichen Hirnrinde, Arb. 
a. d. neurol._ Inst. a. d. Wien. Univ. 18:101-110, 1910. 

16. Yoshimura, K. : Das histochemische Verhalten des menschlichen Plexus chorioideus, 
zugleich ein Beitrag zur Frage der Plexussekretion, Arb. a. d. neurol. Inst. a. d. Wien Univ 
18:1-12, 1910. 

17. Windholz, F. : Konkrementstudien am Plexus chorioideus, Verhandl. d. deutsch. path. 
Gesellsch. 23:296-301, 1926; Die Lipoide des menschlichen Adergeflechts, ibid. 25:353-357, 1930. 

IS. Marburg, O. : Hydrocephalus, New York, Oskar Piest, 1940. 
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here that Hofmeister suggested that in case of cleavage of fat the liberated fatty 
acids are effective as Kalkjdnger (“calcium binders”). The concentric or the radial 
arrangement of the sand bodies is seen with fatty- substances or mucin, as is well 
known in general pathologic studies.^® 

Thus, one might well explain the presence of the inclusion bodies as the result 
of a process similar to that producing the brain sand and the amyloid bodies, 
developed on the basis of some Icind of fat; their differences in silver-reducing 
ability may be due, as mentioned previously, to the presence of different fatty acids. 
The globules and amorphous masses free within the tissue still remain to be 
explained. In infantile amaurotic family idiocy these globules and irregular 
amorphous masses are formed by swollen axons, and they finally accept the same 
shape, size and color as the inclusion bodies within the cells. In this respect fat 
plays a role similar to that of inclusion bodies within the cells. This fat originates 
from broken myelin sheaths, and finally these extracellular, axon-developed bodies 
may approach the pattern of real inclusion bodies. Since in the cases reported by 
von Santha ° fibrils entered into the inclusion bodies within the cells, the possibility 
cannot be excluded that some of the inclusion bodies take their origin from axons 
or fibrils, especially as one occasionally sees in cases of amaurotic idiocy a swelling 
of intracellular fibrils like that in Alzheimer’s disease. Another explanation is that 
given by Alzheimer and Sturmer,-- that amyloid bodies are formed in free tissue 
fluid by precipitation. This possibility cannot be excluded in cases 1 and 2. These 
bodies lie within the boundaries of the gray matter. In addition to the glia cells and 
axons, fat lies partly free in the tissue or in histiocytes near blood vessels. Though 
it was impossible to determine the origin of all these inclusion bodies, some of 
them may well have been formed by precipitation in the tissue, as Sturmer ~- 
suggested. 

Thus, there are three possible ways of explaining the formation of inclusion 
bodies or amorphous masses in amaurotic family idiocy. The argentophobic 
inclusion bodies within the cells take their origin from a fatty substance, whereas 
it is not absolutely cei'tain that this is true for the argentophilic bodies. It seems 
likely, however, with regard to the formation of amyloid bodies in glia cells. 
This circumscribed process can affect the whole cell, so that large amorphous 
masses are formed by the entrance of calcium, iron, glycogen or even protein. 
The kind of fatty mother substance and the amount of the entering material 
obviously influence the character of the inclusion bodies. These bodies indicate 
a change in cell metabolism — some kind of saponification, which is possible within 
ganglion cells as well as outside. 

The significance of inclusion bodies in general is doubtful, for Lewy observed 
them in association with parkinsonian states, as well as in the senium, and he 

19. Hofmeister, F. : Experimentelles uber Gewebsverkalkung, Munchen. med. Wchnschr. 
56:1977-1978, 1909. 

20. Dr. Heinrich Waelsch, biochemist of the department of neurology, Columbia University 
College of Physicians and Surgeons, gave me the opportunity of discussing this subject with him. 

21. Alzheimer, A. : Ueber die Abbauvorgange im Nervensystem, Deutsche Ztschr. f. 
Nervenh. 50:5, 1914; Beitrage zur Kenntnis der pathologischen Neuroglia und ihrer Bezieh- 
ungen zu den Abbauvorgangen im Nervengewebe, in Nissl, F., and Alzheimer, A. : Histologie 
und Histopathologie. Arbeiten fiber die Grosshirnrinde, Jena, Gustav Fischer, 1910, vol. 3, 
pp. 401-562. 

22. Sturmer, R. : Die “Corpora amylacea” des Zentralnervensystems, in Nissl, F., and 
Alzheimer, A.: Histologie und Histopathologie. Arbeiten fiber die Grosshirnrinde, Jena, 
Gustav Fischer, 1913, vol. 5, pp. 417-518. 

23. Lewy, F. H.: Ueber die Entstehung der Einschlusskorper und ihre Bedeutung ffir 
die systematische Einordnung der sogenannten Viruskrankheiten, Deutsche Ztschr. f Nervenh. 
124:93, 1932; Die Lehre vom Tonus und der Bewegung, Berlin, Julius Springer, 1923. 
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therefore denied a relation between such bodies and infectious disease. I 
suggested a differentiation of the inclusion bodies into three types: one arising 
from fat, the second caused by changes in axons and fibrils and the third formed 
by nuclear excretion. Only the third kind may be characteristic of infectious 
diseases, whereas inclusion bodies of the first and second types, associated with 
amaurotic idiocy, may be evidence of degenerative metabolic processes. But the 
latter two types, though characteristic of noninfectious disease, are also seen with 
infectious diseases. Thus, Godlowski observed argentophobic inclusion bodies 
in cases of lethargic encephalitis and in Parkinson’s disease, as did Lewy,-^ who, 
as previously mentioned, noted them in addition with senile and- presenile states. 
The simultaneous presence of amyloid bodies in these conditions is well known 
(Adolf and Spiegel “°). 

Some scientists identify the inclusion bodies in amaurotic famity idiocy with 
those seen in myoclonic states. First described by Lafora,-’’ and later by Lafora 
and Gluck,"'^ in cases of myoclonus epilepsy, these inclusion bodies resemble amyloid 
bodies and give similar staining reactions. Some of these bodies are argentophobic ; 
some show a concentric arrangement and are also noted in glia cells (Davison 
and Keschner-®). Though these inclusion bodies are not specific, there is no 
doubt that they are seen in the great majority of cases of myoclonus, an indication 
of some relation to these states. In cases of amaurotic family idiocy in which 
inclusion bodies were present it is difficult to be sure whether such myoclonia 
existed, for the description of twitchings in these cases is inadequate and can hardly 
be evaluated. In Bielschowsky’s ® case there was real epilepsy ; in addition there 
occurred daily attacks of convulsions in the trunk and the muscles of the 
extremities, with fixation of the eyes, seizures which he called petit mal. In 
Hassin’s ® case the parents told of “marked clonic contractions in the face, eyelids, 
and extremities,” and examination revealed that the eyelids and the muscles of 
the lower extremities exhibited constant twitchings. In Liebers’ ® case there was 
real myoclonus epilepsy associated with amaurotic idiocy, whereas in the first case 
of von Santha ° no twitchings were mentioned ; in his second case there was tremor, 
which was relieved by phenobarbital, and in the third case there were convulsions 
resembling eclampsia and clonic convulsions in the distribution of the left seventh 
nerve and the upper extremities, occasionally lasting a few minutes. In case 1 in 
my series there were also myoclonic twitchings associated with epilepsy, resembling 
those in the case of Liebers.® 

Thus it seems that in amaurotic family idiocy inclusion bodies are associated 
with convulsive states or myoclonia. In view of the fact that occasionally there 
are similar inclusion bodies in cases of Parkinson’s disease and of postencephalitic 
parkinsonian states (Lewy,®® Godlowski®*), it is understandable that they should 
be seen in a case of amaurotic family idiocy with tremor (second case of von 
Santha®). Rarely, the inclusion bodies are absent in a case of myoclonia, or they 
are present without the occurrence of myoclonia (first case of von Santha °). Thus, 

24. Godlowski, W. : Die Ganglienzelleinschliisse in der Substantia nigra, Arb. a. d. neurol. 
Inst. a. d. Wien. Univ. 33:14-23, 1931. 

25. Adolf, M., and Spiegel, E. A.: Zur Pathologic der epidemischen Encephalitis, Arb. 
a. d. neurol. Inst. a. d. Wien. Univ. 23:36-66, 1922. 

26. Lafora, G. R. : Ueber das Vorkommen amyloider Korperchen im Innern der Ganglien- 
zellen, zugleich ein Beitrag zum Studium der amyloiden Substanz im Nervensystem, Virchows 
Arch. f. path. Anat. 205:295-303, 1911. 

27. Lafora, G. R., and Gluck, B. : Beitrag zur Histopathologic der myoklonischen Epilepsic, 
Ztschr. f. d. ges. Neurol, u. Psychiat. 6:1-14, 1911. 

28. Davison, C., and Keschner, M. ; Myoclonus Epilepsj", Arch. Neurol. & Psvchiat. 43: 
524-545 (March) 1940. 
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one must admit that the inclusion bodies are of essential significance in myoclonic 
states. But they are not specific. They merely indicate that a particular kind of 
degeneration or metabolic cell change occurs more frequently with myoclonia than 
with other states. It may be emphasized that these other states are frequently 
associated with convulsions or hyperlcinesia (epilepsy, Parkinson’s disease, and 
perhaps postencephalitic parkinsonism). The time factor seems to play a role in 
the formation of the inclusion bodies in amaurotic family idiocy. Thus, in von 
Santha’s youngest patient the disease lasted eighteen months ; Hassin’s ® patient 
suffered almost four years, Liebers’ ® patient was ill for three years, and the patient 
in case 1, two years and nine months, a period almost the same as that for von 
Santha’s®'' second patient (two and a half years). It is questionable, however, 
whether the time factor is the principal one. According to Liebers,® two factors 
are operative in amaurotic family idiocy with myoclonia, one producing amaurotic 
idiocy and the other myoclonia. On the contrary, there is one common factor in 
the cases of amaurotic idiocy, namely, fat, which forms the content of the ganglion 
cells as well as that of the inclusion bodies. 

In the papers on myoclonia associated with amaurotic family idiocy it is 
emphasized that the inclusion bodies are seen throughout the brain — ^for example, 
in Hassin’s ® case, in the nucleus ruber and the substantia nigra. As previously 
mentioned, case 1 resembles the case of Liebers.® The part most affected is the 
cerebellum, wdiere the dentate nucleus is severely damaged and contains inclusion 
bodies. From his studies on the normal and the pathologic structure of the dentate 
nucleus in man, Tronconi ®® concluded that the described lesions of this nucleus 
are not specific, with one exception, namely, the inclusion bodies associated with 
myoclonus epilepsy. 

Since all the parts of the brain which are held to be connected with hyperkinetic 
states are affected in cases of amaurotic family idiocy with myoclonia, it seems 
obvious that the site of the process, rather than the inclusion bodies, is responsible 
for the clonism. This opinion is in agreement with the view of Guillain and 
Mollaret,®® who suggested a broader basis for the lesions leading to myoclonia 
(dentate nucleus-red nucleus-inferior olive). On the other hand, in a case of 
dyssynergia cerebellaris myoclonica (Ramsay Hunt ®^) the dentate system was 
affected, as in case 1. 

There arises the question how the signs and symptoms in amaurotic family 
idiocy are produced. These signs are manifold. As a rule, one distinguishes a 
functioning and a vegetative part in the ganglion cells, a division which was first 
applied in cases of amaurotic family idiocy by Bielschowslcy.® Since the functioning 
part of the cells, the fibrils, remains intact for a long time, the influence of the 
severe changes in the cell plasma on the signs and symptoms may be comparatively 
small. In cases of longer-lasting disease the fibrils also are obviously damaged, 
followed by complete disintegration and disappearance of the ganglion cells. In 
such cases there are also lesions in the myelin sheaths associated with secondary 
degenerations and, of course, the corresponding clinical signs. 

The clinical signs in the motor sphere are represented by general weakness 
and hypotonia. This weakness by no means resembles the paresis or paralysis in 
cases of degeneration of the anterior horn cells, for, according to Sachs,^“ the 

29. Tronconi, V.: Osservazioni sulla fine struttura normale e patologica del nucleo dentato 
umano, Riv. di pat. nerv. 40:137-240, 1932. 

30. Guillain, G., and Mollaret, P. : fitudes neurologiques, Paris, Masson & Cie, 1936, series 
7, pp. 3-83. 

31. Hunt, R. : Dyssynergia Cerebellaris Myoclonica; Primary Atrophy of the Dentate 
System, Brain 44:490, 1921. 
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reflexes are usually present and the electrical reactions of the muscles are normal 
except for occasional slight diminution of the response to the faradic current. 
therefore, concluded from my recently published case “that every change in the 
vegetative part of a cell results in a change of the function of the nervous part,” 
but that the asthenia in this case may have been caused in part by involvement of 
the adrenal system. Since the thymus was also severely damaged, this causative 
factor must also be taken into consideration. The atonic asthenia in amaurotic 
idiocy is quite different from the well known flaccid paralysis associated with 
degeneration of the anterior horn cells, and is therefore, if not entirely independent 
of the cell changes, dependent on them in part only. The cholinergic and the 
adrenergic factors are obviously damaged in a similar manner, as in myasthenia 
or in Addison’s disease. In cases 1 and 2 the thymus and the adrenal glands were 



Fig. 9 (case 1). — Degeneration of the pyramidal tract. Weigert stain. 


altered, but these changes must be studied more accurately before they can be 
evaluated. It may be remarked parenthetically that Oppenheim’s congenital 
m3fatonia obviously belongs also to this group of h 3 ^potonic asthenias. There are 
the same weakness and hypotonia, the same electrical reaction and the same 
position of the arms (handle position) and legs, followed by contractures, as are 
seen with amaurotic idiocy (Marburg®^). 

In some cases of infantile familial amaurotic family idiocy signs of pyramidal 
disturbance occur, as in case 1, the result of degeneration of the pyramidal tract 
(%• 9). 

The most striking sign in amaurotic family idiocy is a negative one, the lack 
of sensory disturbances. As for the hyperpathia described in all cases of this 
disease, one must bear in mind that every blind person may be startled by a slight 

32. Marburg, O. : Zur Klinik und Pathologic der Alyatonia congenita (Oppenheim), Arb. 
a. d. neurol. Inst. a. d. Wien. Univ. 19:133-154, 1912. 
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touch or a sudden noise. In any case, it is surprising that such severe damage 
of all sensory cells (spinal ganglion; posterior horn) has no other consequence 
than hyperirritahility. 

The optic nerve is affected in such a manner as to produce blindness. The 
white papilla indicates demyelination of the optic nerve, caused hy the changes in 
the retina cells and their disappearance. The disappearance of many ganglion cells 
and the severe impairment of the outer fiber layers of the cerebral cortex doubtless 
cause the idiocy, but the characteristic change in the cortical cells does not result 
in any other signs. As long as fibrils remain intact and there are no secondary 
degenerations, the vegetative changes in the ganglion cells are obviously not 
followed by clinical signs seen with lesions involving degeneration of the functioning 
part. 

With respect to these facts there is no difference in the various forms of 
amaurotic family idioc3^ Most authors, however, emphasize differences between 
Pick-Niemann disease and other forms of the disease, though the former condition 
resembles infantile amaurotic family idiocy -in many respects. These differences 
concern the kind of fat within the cells, the occurrence of secondary changes in the 
affected ganglion cells and the site of the pi'ocess (in amaurotic family idiocy, the 
nervous system principally and in Pick-Niemann disease, the whole body). 
Infantile amaurotic family idiocy and Pick-Niemann disease are identical with 
regard to affinity of the fat for hematoxylin, whereas the constitution of the fat 
is different (Klenk®®). The fat in Pick-Niemann disease is sphingomyelin; that 
in infantile amaurotic family idiocy contains a fatty substance resembling the 
cerebrosides (Klenk®®). This fat in the infantile type presents some of the 
characteristics of phosphatides — hematoxylinophilia, for instance. In cases of 
the late infantile form this fat is substituted in great degree by sudanophilic or 
osmophilic granules, commonly regarded as neutral fat, which is otherwise seen 
only in cases of the juvenile and adult types. VonSantha® noted diminution of 
hematoxylinophilic granules in his cases; these granules stained light orange with 
scarlet red. In the present case 1 there was also diminution of hematoxylinophilic 
granules, and in some cells there were very fine granules of a sudanophilic or 
osmophilic nature. It seems that in cases of longer duration — the shortest period 
in von Santha’s cases was eighteen months, and in his third case the duration was 
two and a half years, almost like that in case 1 — there is a final transformation of 
lipoids into a fat that stains with osmic acid and with scarlet red (neutral fat[?] ). 
Thus, the difference in the lipoids in infantile and in later forms of amaurotic 
family idiocy may be due merely to the duration of the process. 

As for the site of the process, it may be emphasized that the intensity of the 
damage varies in different regions in different cases. Sometimes the cerebellum 
and sometimes the striopallidum are severely altered, with production of the 
corresponding local signs. The cause of this rather individualistic reaction has not 
yet been revealed. But it certainly is a severe lesion, a lack of functioning tissue, 
which produces the local signs. 

Thus Bielschowsky’s ® suggestion that some peculiarities seen in cases of 
juvenile amaurotic family idiocy are not present in cases of the infantile type, the 
degenerations for instance, appears untenable. All changes observed in cases of 
juvenile amaurotic family idiocy are also seen in those of infantile amaurotic family 
idiocy if the duration is only long enough. 

33. Klenk, E.; Beitrage zur Chemie der Lipoidosen, Ztschr. f. physiol. Chem. 262:128, 
1939. 
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SUMMARY 

Investigation of several cases of infantile amaurotic family idiocy has revealed 
the existence of inclusion bodies and severe secondary cell degeneration. 

The inclusion bodies are partly argentophilic and partly argentophobic, depend- 
ing on the kind of fat which forms their basis. 

In cases in which inclusion bodies are present there are almost always myoclonic 
states. 

Precipitations outside the cells are caused by degeneration of axons. It cannot 
be definitely decided whether there are also precipitations from the tissue fluid 
(Alzheimer and Stiirmer). 

The clinical signs in cases of infantile amaurotic family idiocy are due only 
in part to the well known cell changes, which affect merely the vegetative, and 
not the functioning, portion (fibrils). Only when the functioning part also is 
affected do neurologic signs appear. 

The atonic asthenia, like that in ntyasthenia or in Addison’s disease, is to be 
explained by a disturbance in cholinergic and adrenergic factors, obviously the 
result of changes in the thymus and the adrenals which are observed with infantile 
amaurotic family idiocy. 

630 West One Hundred and SixU^-Eighth Street. 



FATAL CEREBROVASCULAR ACCIDENT ASSOCIATED 
WITH CATATONIC SCHIZOPHRENIA 


REPORT OF A CASE 
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AND 

A'lETA A. NEUMANN, AI.S. 

WASHINGTON, D. C. 

A classic description of acute fatal catatonia was given by Calmeil ^ in 1832. 
The prominent features observed by him were vivid hallucinations, vasomotor 
instability and fluctuation from wild hyperactive states to profound stupor. There 
was rapid progression of the illness to death. He added : “The autopsy explains 
nothing.” 

After a lapse of one hundred and ten years this statement still holds good. The 
neuropathologist has found little in studies of fatal catatonia that can be considered 
as the specific anatomic substrate of the syndrome. Reichardt," Josephy,® Scheideg- 
ger,^ Stauder ® and Jahn and Greving ® report the presence of “brain swelling” in 
some of their cases of sudden death during an episode of acute catatonia, but this is 
by no means a consistent observation. 

From the microscopic standpoint, many detailed accounts of neuropathologic 
changes have appeared. Goldstein ' reported changes in the ganglion cells, focal 
necrobiotic lesions and glial activity in the cerebral cortex. Josephy ® made essen- 
tially the same observations, emphasizing their diffuse character. Vascular stasis 
and perivascular hemorrhages were noted by Claude and Cuel ® and also by von 
Braunmiihl.® Spielmeyer noted similar lesions but called them nonspecific. He 
pointed out that he found just such changes in the brains of normal persons, as well 
as of persons with pathologic conditions not primarily associated with dementia. 

The most recent addition to the literature of acute schizophrenic catatonia is the 
case reported by Malamud and Boyd.^^ Their patient was a 20 year old woman 

From St. Elizabeths Hospital, Washington, D. C. 
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who showed hypotension, acrocyanosis and menstrual irregularities during nine 
months of hospitalization. During a period of catatonic excitement she lapsed into 
coma. There followed a series of generalized convulsions, signs of meningeal irrita- 
tion and hyperpyrexia. Death occurred sixty-eight and a half hours after the onset 
of the acute episode. Anatomic studies revealed multiple, discrete and coalescing 
areas of hemorrhagic encephalomalacia throughout the cortex of the cerebrum and 
the cerebellum. Many of these areas were rather large. There were no evidences 
of a major vascular accident; in fact, no changes were demonstrated in the blood 
vessels. The authors attributed the lesions to a functional disturbance of the 
cerebral circulation associated with constitutional vasomotor lability, and not directly 
to the psychosis. 

REPORT OF CASE 

History. — S. L. J., a 22 year old white man, was admitted to St. Elizabeths Hospital 
on May 2, 1942. 

One brother, was said to have suffered from a “nervous breakdown.” The patient ran 
away from home because of discontent with the family situation. Shortly afterward he 
enlisted as a yeoman in the United States Coast Guard. He had two years and seven 
months of active duty, with a good conduct rating, before the present illness. 

On April 29, 1942 the patient wedged himself in the bilges of a coast guard cutter ; 
the reason he gave for this act was : “I’m a coward.” He was admitted to the United 
States Marine Hospital, Norfolk, Va., on the following day. While there he was disturbed 
and negativistic, appeared to be deeply concerned about loyalty to his mother and to his 
country, manifested delusions of unworthiness and declared that he believed he had syphilis. 
Insight was lacking, and judgment was faulty. Asked to undress, he at first refused to do 
so, but later tore off his clothing. He escaped from a locked room by destroying a heavy 

screen, ran down a fire escape in the nude and attempted to start a truck and leave the 

hospital grounds. It was necessary to employ several orderlies to subdue him. He was 
then transferred to the United States Naval Hospital, Bethesda, Md., and from there to 
St. Elizabeths Hospital. 

He arrived on a stretcher, in restraint. He was mute except when in a cold pack. At 
such times he talked freely, but often incoherently. His . emotional reactions were inap- 
propriate. Lability of mood was striking. He admitted having auditorj’- hallucinations and 
expressed many delusions. Attention wandered, and comprehension was faulty. He was 
disoriented for place. 

Physical Examination. — Examination disclosed a well built young man with dusky red- 

mottled skin. The blood pressure was 128 systolic and 96 diastolic and the pulse rate 90 

beats per minute. The pupils were round and equal. They reacted briskly to light and in 
accommodation. The optic disks were flat. No retinal vascular abnormalities were observed. 
The deep reflexes were equal and active on the two sides. The only abdominal reflex 
obtained was in the right lower quadrant. The whole body surface was practically immune 
to superficial pain. Perception of pressure pain was diminished. 

The diagnostic impression was dementia praecox (schizophrenia), catatonic type, with 
affective features. 

Course of Illness. — He was violent and profane and needed restraint except when under 
the influence of sedative drugs. Cold packs were also useful in calming him. He refused 
to eat; it was necessary, therefore, to resort to tube feeding on the third day in the hospital. 
This could be accomplished only after the intravenous administration of sodium amytal 
(3% grains [0.24 Gm.]). After the feeding he manifested no weakness of the arms or legs. 
He displayed many infantile mannerisms. 

_ Sometimes during the night he lost the use of the right arm and leg. He was found 
lying on the floor, unable to move these extremities. Neurologic examination now revealed 
weakness of the right side of the face; right flaccid hemiplegia; absence of deep reflexes 
in the right arm; absence of abdominal reflexes on the same side, and a positive Mayer’s 
sign. The blood pressure was 130 systolic and 80 diastolic, the pulse rate 92 and the tem- 
perature 100 F. (rectal). Lumbar puncture made shortly afterward demonstrated an initial 
spinal fluid pressure of 140 mm. of water. The specimen was clear and colorless. There 
were 4 cells per cubic millimeter; the protein content was not increased. The Kolmer and 
colloidal gold reactions were negative. 
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Eight hours later the patient was in deep stupor. The blood pressure had fallen to 75 
systolic and 52 diastolic. The temperature remained elevated. The neck was not stiff. 
Breathing was slow and deep, and there was a noticeable lag of the right side of the thorax. 
During periods when he partially awakened he appeared to be completely aphasic. Con- 
frontation examination of the visual fields at these times demonstrated probable, right 
homonymous hemianopia. Occasionally there was skew deviation of the eyes. The pupils 
were round, equal and moderately dilated. The optic disks were not edematous. No 
vascular or retinal changes were noted. Sucking and biting reflexes were elicited with ease. 
There was weakness of the right side of the face of supranuclear type. The right arm 
and leg were flaccid and immobile. A grasp reflex was present in the right hand. The 
deep reflexes were active and equal in the two arms but were accentuated in the right leg. 
Cutaneous reflexes could not be obtained. The Hoffmann response was demonstrable in 



Fig. 1. — Subarachnoid and parenchymal hemorrhages in the cerebellum. 


both hands, but the plantar reaction was flexor in type. Sustained ankle clonus was elicited 
bilaterally. Appreciation of pinprick was reduced over the whole right half of the body. 

The patient was given 500 cc. of blood plasma and, later, 1,000 cc. of 10 per cent dextrose 
in saline solution. One hundred milligrams of nikethamide, 50 mg. of thiamine hydrochloride and 
100 mg. of ascorbic acid were administered intravenously. By this time his general condi- 
tion was somewhat improved, and the blood pressure had risen to 120 systolic and 70 dias- 
tolic. Aspiration of much mucopurulent material from the tracheobronchial tree resulted 
in the disappearance of coarse rales from the lower lobes of the lungs. 

He lived five days longer, his condition fluctuating between stupor and wakefulness. 
During the intervals of wakefulness he became active and combative and had to be restrained. 
The neurologic status remained essentially unchanged. Many examinations of the eyegrounds 
failed to disclose choking of the disks. A blood count revealed moderate leukocytosis but 
no increase in the number of erythrocytes. The bleeding and clotting times were norrnal. 
A second spinal tap, on the sixth day in the hospital, yielded no fluid. Repeated aspiration 
of the chest and sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazole) medication resulted 
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in a temporarj'^ fall of bodj'^ temperature to a nearlj' normal level. On the ninth hospital 
day the temperature again rose, however, to 104 F. (rectal) ; the respirations became slow 
and labored; generalized cyanosis appeared, and the patient died. 

Necropsy . — Postmortem examination was performed eighteen hours after death by Dr. 
K. H. Langenstrass. The body was that of a well developed and well nourished young 
man. There were a number of small abrasions in the gluteal region. The subcutaneous 
fat and the pectoral and abdominal muscles were rather dry. The heart was dilated, 
poorly contracted and soft. There were no valvular or myocardial lesions. The aorta and 
the large vessels were thin walled and elastic. The aorta measured onl}'^ 40 mm. in diameter 
at the level of the celiac axis. The lungs showed marked hj^postatic congestion and edema. 
There was purulent bronchitis. The abdominal viscera showed no evidence of a disease 
process, except for pronounced hyperemia. The endocrine system appeared grosslj" normal. 



2. — Hemorrhage in the left parietal lobe and extensive softening in adjacent tissue. 

Brain: The brain was lai'ge and weighed 1,520 Gm. The dura and leptomeninges were 
somewhat dry and congested. There were several small subarachnoid hemorrhages. The 
cerebral convolutions were flattened and broad. The left hemisphere was more voluminous 
than the right. There was a fairly extensive, but poorly defined, softening in the left 
panetotemporal region; it included areas 40, 41 and 42 of Brodmann. The vessels forming 
the circle of Willis and its branches were thin walled and of average caliber. The internal 
carotid and middle cerebral arteries were dissected. The posterior branch of the left middle 
cerebral artery was filled with a soft red thrombus, which completely occluded the vessel. 
The anterior branch and the corresponding vessels on the right were empty. There were 
^tensive, more or less symmetric subarachnoid hemorrhages in the cerebellum (fig. 1). 
the extravasations of blood extended slightly into the parenchyma. The source of the 
hemorrhage could not be determined. 

pissection of the cerebral hemispheres disclosed a large, firm blood clot in the left 
parietal region (fig. 2). The hemorrhage was well circumscribed. The tissues adjacent 
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to the dot were extremely friable. Almost the entire middle third of the left hemisphere 
showed areas of ischemic and hemorrhagic necrosis (fig. 3). The left frontal pole and the 
left occipital lobe were uninvolved. The left lenticular nucleus was dotted with numerous 
small hemorrhages. The adjacent anterior limb of the internal capsule was somewhat soft. 
The posterior limb, the caudate nucleus and the thalamus appeared intact. The cortex and. 
subcortex of the left parietal lobe were very soft. A circumscribed hemorrhage lay close 
to the wall of the posterior horn of tlie lateral ventricle. The ependyma was intact. The 
area of infarction was smaller in ventral levels. Relatively large portions of the basal 
ganglia showed no gross changes at these levels. The infarct extended into the left temporal 
lobe, but the temporal pole was intact. The occluded vessel may be identified in the S 3 dvian 
fissure in figure 4. All other vessels were narrow, thin walled and empty. The right 
hemisphere was free from gross lesions. 



Fig. 3. — Areas of hemorrhagic and ischemic necrosis in the left cerebral hemisphere. 


Microscopic Exambtation. — Brain: Histopathologic studies were' made of sections from 
the left frontal, paracentral, parietal and occipital regions; the right frontal, paracentral, 
parietal and temporal areas; the neocerebellum, the mesencephalon, the medulla oblongata 
and the occluded branch of the left middle cerebral artery. The following staining technics 
were employed: hematoxylin and eosin, thionine, phosphotungstic acid hematoxylin and the 
■Weil, Davenport, Heidenhain and Perdrau stains. 

The leptomeninges were everywhere thin but showed areas of decided focal fibrosis, 
especially over the right and left paracentral lobules. There were marked hypervascularity 
and congestion. Small subarachnoid hemorrhages were present in all sections except those 
of the medulla oblongata. The hemorrhages were evidently recent, as the erythrocytes were 
well preserved and there was little hemosiderin pigmentation. 

The occluded branch of the left middle cerebral artery had an exceedingly thin wall, 
apparently free from disease. It was filled with a thrombus, which had partially contracted 
away from the vessel wall, carrying the endothelium with it. A small series of interrupted 
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serial sections was made of the occluded vessel. 'In some areas red blood cells lay between 
the detached thrombus and the injured wall of the vessel. The erythrocytes composing the 
thrombus were for the most part well preserved. There was only slight hemosiderin 
pigmentation. The red cells were closely packed, and there was relatively little formation 
of fibrin. White blood cells were not numerous. There was a certain amount of lamina- 
tion at the periphery of the clot. In one area there was a small group of fibroblasts. 
Nearby were a few narrow empty channels lined with endothelium. 

Parenchymal vessels were greatly engorged. The capillaries in the gray matter were 
hyperplastic. IMany small hemorrhages were observed in every section except those of 
the medulla oblongata. In the left parietal lobe, where larger extravasations of blood 
appeared, the ruptured walls of vessels were demonstrable. Ruptured vessels were also 
noted in the right parietal lobe A few small vascular channels in various areas were filled 



i'ig. 4. — Hemorrhagic infarct in the left lenticular nucleus and infarction of the left 
temporal lobe. Arrows point to the occluded left middle cerebral artery. 


With hyaline thrombi. Occasional arterioles showed proliferation of their lining cells. A 
number of capillaries, and larger vessels too, were lined with swollen endothelium. There 
were rare slight peiivascular accumulations of granulocytes, round cells and pigmented 

reticuloendothelial cells. 

A section from the left parietal lobe included a portion of the hemorrhagic infarct, 
cattered throughout the section were irregular areas of tissue rarefaction, where myelin 
s leaths and nuclear elements were reduced in number. A few of these pale, spongy areas 
^y m the vicinity of engorged blood vessels. There was conspicuous loss of nerve cells 
'n the areas of cortex near the superficial hemorrhages. The remaining neurocytes were 
‘'e\erely damaged. They were usually pale and shrunken or were undergoing lysis. There 
''ai' proliferation of the glia or mobili7ation of polymorphonuclear leukocytes. Gittei 

re ^ seen. A few macroglia cells had hypertrophied, folded nuclei. They thus 

esem 5led ^Alrheimer gha cells. Some gliacytes were disintegrating. Edema was evidenced 
> many pericellular spaces” and dilated Viichow-Robin spaces. 
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In other areas lamination and polarity of nerve cells were only fairly well preserved. 
There were numerous scattered empty spaces. The majority, of neurocytes showed ischemic, 
homogeneous changes. Apical dendrites were notably thickened in many instances. Some 
of the ganglion cells had pale, more abundant cytoplasm, but even these rarely contained 
any Nissl substance. Cytolysis was sometimes observed. There were a few shadow cells. 

Proliferation of gliacytes was slight except in the mesencephalon. In the tectum of tlie 
midbrain, the microglia and macroglia cells were hypertrophied, and three mitotic figures 
were observed. A minute focus of gliacytes and small round cells was noted in one peduncle. 

In the left frontal lobe there was scattered marginal fibrillary gliosis, and one large 
warty nodule of glia fibrils projected into a sulcus. Unusually large ependymal granulations 
were observed in the posterior horn of the left lateral ventricle. In the aqueduct a single 
exceptionally large glial nodule projected into the cavity from the floor. It was attached 
by a narrow band of ependymal cells, so that it resembled a small tumor rather than a 
granulation. A few small, shallow granulations were noted in the lining of the inferior 
horn of the right lateral ventricle. 

Myelin sheaths were intact excei)t in the parietal lobe, where the number was reduced 
in the rarefied spongy areas. The sheaths that remained in these areas were widely sepa- 
rated and occasionally showed slight focal swellings. Some of the destruction of ntj'elin 
occurred at the junction of the gray and the white matter, so that there was focal destruc- 
tion of U fibers in such regions. 

Other Organs : Sections from the abdominal and thoracic viscera showed widespread 
focal congestion and stasis. In the lung were a number of small hemorrhages and early 
bronchopneumonia. 'I'here was slight infiltration with lymphocytes and plasma cells in the 
interlobular connective tissue of the liver. In none of the sections was there any evidence 
of disease of the vessel walls. 

C f)M M liNT 

1'hc .suddcti onset of a cerebral accident in a voting, well preserved jicrson with 
no olijeclivc evidence of generalized vascular disease is rare. The history of pre- 
vious good health, equivocal neurologic signs at the time of admission, absence of 
injury to the head and almost acellular spinal fluid make the probability of occlusion 
of the left middle cerebral artery with cerebral infarction the most reasonable 
diagnosis. 

This case, and the one reported by Malamud and Boyd, are apparently unique 
in that such extensive, grossly demonstrable damage occurred in the brain. In 
general, in most of the cases of fatal acute catatonic excitement reported in the 
literature only microscopic changes, or none at all, were present. 

In our case the small areas of loss of nerve cells, minor pathologic alterations in 
the neurocytes and slight glial reaction, while similar to changes reported in other 
cases of acute schizophrenia, are not considered significant. 

The vessel walls did not appear diseased. The scattered vascular “blow-outs" 
in both cerebral hemispheres may well have been an expression of cerebral vaso- 
motor hyperactivity. If true, this might substantiate the theory of von Braun- 
miihP and Spielmeyer '® that functional circulatory disturbances operate as an 
important factor in acute catatonic excitement. The factors responsible for the 
thrombosis of the posterior branch of the left middle cerebral artery in our case 
were not demonstrable. 

The clinical features of our ca.se, together with the fatal termination, corre.s]-)ond 
closely to those in many other recorded cases of “schizophrenic death.” 

SUMMARY 

A 22 3 ^ear old man with schizophrenia died twelve days after the onset of an acute 
catatonic episode and five days after the sudden^development of right hemiplegia. 
Negativistic and assaultive behavior, lability of mood, colorful and bizarre halluci- 
natory and delusional mental content, expression of guilt feelings, confusion and dis- 
orientation Were outstanding features of the psychosis. Manifestations of vasomotor 
lability comprised the striking physical observations prior to the development of 
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the neurologic signs. At autopsy thrombosis of the left middle cerebral artery was 
observed. There were hemorrhage and infarction in the left parietotemporal region 
and extravasations of blood in the subarachnoid spaces and the parenchyma of the 
cerebellum. The underlying cause of such extensive anatomic damage was not 
ascertained. The clinical resemblance of this case to other reported instances of 
“brain death” associated with catatonic schizophrenia is noted. The explanation 
of the lethal vascular accident is thought to lie in functional circulatory changes 
often associated with this form of mental illness. 

Glen Lake Sanatorium, Oak Terrace, Minn. 

St. Elizabeths Hospital. 
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Dr. H. Douglas Singer was one of the leading psychiatrists in this country, 
so that it now seems fitting to present some of the psychiatric concepts he had 
formulated during the later period of his life. We, who were members of his staff 
for many years, have attempted in this paper to give a brief outline of the develop- 
ment of his ideas concerning the psychoses. All of the views herein presented 
arc in essence those of Dr. Singer. So far as possible, his own words have been 
retained. 

Since the opening of the Psychiatric Institute of the University of Illinois 
College of Medicine, in 1931, it has been customary to present a case history of a 
patient at the weekly staff meeting. After the reading of the histoiy by a member 
of the staff, there followed a general discussion of the problems involved. Dr. Singer 
was practically always present at these meetings, and his interpretations of the 
facts at hand, as well as his general comments on matters of psychiatry, were 
always particularly stimulating to the group. His keen criticism, his stress on 
logical thinking and his wisdom in demanding that basic ])athologic processes he 
sharply separated from precipitating environmental factors were outstanding in his 
approach to an understanding of mental illness. 

Even before the advent of shock therapy and the growing realization of tlic 
role of the integrative machinery of the body, parti cularl}’^ tbe autonomic nervous 
system, in the psychoses, he began to formulate bis theory of the psychosis as a 
disturbance of this machinery. As will be seen later, be finally adopted the point of 
view that manic-depressive psychosis and schizophrenia have a similar location 
pathologically in the autonomic integrating centers. 

At the Psychiatric Institute there are ai^ailable stenographic notes of the dis- 
cussions on some 400 case histories which were presented at staff meetings, with 
final diagnoses made by Dr. Singer. In the belief that his statements are of 
inestimable value for an understanding of mental disease, an attempt is here made 
to trace the development of bis theories of the psychoses during the period that 
he was director of the institute, from 1931 until his death, in 1940, and to summarize 
briefly his point of view regarding the various psychoses. 

SCHIZOPHRENIA 

In tfe early staff discussions, patients with schizophrenia simplex were found 
to show characteristically a progressive loss of interest and affect over a number of 
)-ears, but not necessarily acute psychotic disturbances or evidence of splitting. 
Interest was considered a response of the organism as a whole and a matter of 
affectivity as this arises from drive or energy which is vegetative in origin. Interest 
thus was regarded as a matter of body organization. Although the loss in schizo- 
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plirenia simplex does not concern intelligence, with diminution of emotional drive, 
which makes the expression of intelligence feasible, intelligence is not used to 
advantage. 

The cause of schizophrenia simplex was at first regarded as an active disease 
process which is progressive and destructive, the loss becoming more evident as 
greater demands are made on the organism, until finally there is reduction to a 
low level of response, manifested by such activities as appetite and masturbation. 
Thus a deterioration occurs, a progressive chronic dementia, which may also 
characterize helDephrenic schizophrenia in some instances, although the latter has 
other features which distinguish it from schizophrenia ’simplex, features which 
comprise the descriptive term hebephrenic and may include an ultimate condition 
of stasis. 

During this period (1933) the classification of hebephrenia was sometimes 
applied (1) to cases in which there was a constitutional defect in the form of 
passivity and a fundamental lack of drive from early life, (2) to cases in which 
it seemed justifiable to infer that a progressive disease process was present, produc- 
ing a loss of mental function and (3) to cases in which there was neither a lack 
of fundamental drive nor a disease process, but a poor reaction to a situation. This 
varied usage of the term hebephrenic illustrates clearly the point of view that 
the form of the psychosis tells nothing of the underlying etiologic factors. 

In 1934 it was indicated that in many cases of dementia simplex a structural 
defect in energy is evident from the start; this defect is the main feature of simple 
schizophrenia and shows itself in lack of adaptation when the person is no longer 
protected and has to face definite responsibilities. It is then that his inefficiencies 
become more evident. This behavior of a person who is poorly constructed to 
face his difficulties is not due to a disease but is a reaction between his constitution 
and the environment. He is a biologically inefficient person, and although he may 
not change, the demands on him may do so. At this time, however, the belief was 
expressed that, in addition, there is a progressive degenerative change which 
manifests itself in greater isolation and a let-down in the ability to deal with the 
reality situations of adult life, due to loss of energy or drive. The latter condition 
is dementia praecox in the true sense of tlie word, for it is a dementing process 
that results in destruction, a progressive loss and not merely an original consti- 
tutional deficiency. Thus dementia simplex has an organic substratum and few 
psychogenic features. 

In the paranoid form of schizophrenia, too. the main feature was considered a 
constitutional defect in the quality of energy, which is the basis of the patient’s 
difficulties in meeting his conflicts and which results in the use of the typical 
mechanisms of rationalization and projection. As early as 1932 the form of this 
psychosis, as of all psychoses, was thought to evolve from the type of personality. 
Thus the paranoid condition is a defect plus a superstructure of psychogenic factors 
which are expressed as a disturbance of personality. It ma}’- be said that the 
pai'anoid person is oversocialized. He shows an intense subordination to con- 
vention. Such a patient is able to utilize the mechanism of projection because he is 
endowed with good energ}' quantitatively, although not qualitatively. This permits 

aggression and the blaming of others, rather than the adoption of a passive 
attitude of self blame for bis inefficiencies. 

In practically every case of the catatonic form of schizophrenia the presence of 
a disease process was suggested. The patient does not show voluntary withdrawal 
from the world but is overwhelmed by an illness which affects the vegetative 
mechanisms. Although the behavior is catatonic from the descriptive standpoint, 
this term is in no sense explanatory of the process which gives rise to it. one 
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which may produce reversible or irreversible and permanent changes. When 
the process is reversible, the machinery of the higher levels is shut off but not 
damaged permanently. Thus it is possible to have schizophrenia without dementia. 

The catatonic excitement is accompanied by withdrawal from and lack of interest 
in the outside world; the behavior is not related to the surroundings. This is in 
contrast to manic excitement, in which the patient manifests an overinterest in the 
outside world; the pattern of his behavior is controlled by the surroundings; his 
mood is happy, and he shows an interest in sensory perceptions. The catatonic 
person, on the other hand, is not happy and shows no interest in his surroundings. 

Dr. Singer rejected the idea that schizophrenia is a regression to a more 
infantile t3^pe of behavior, due to a shutting-off of the machinery for reacting at 
higher levels. He expressed the belief that there is overdevelopment in the other 
direction, an oversocialization, expressed b}' the development of too many taboos. 
Unable to exf^ress things in the wa)' he Avishes, the patient carries out his wishes 
in a more primitive manner (1934). 

Schizophrenia means splitting at a high level of response. The split is shown, 
for example, by hallucinations, in which voices are described as coming from Avith- 
out, and by features that are odd and do not seem to be fitting or understandable 
to the observer, and perhaps to the patient, and that require interpretation or 
explanation at a psychic level. The verbal expressions are not consistent Avith 
the emotional responses or the muscular activity, and this inconsistency is further 
evidence of a split. Many of the responses are due to internal stimulation, and 
because they are symbolic they seem odd and inexplicable. 

In many cases of schizophrenia there is no history Avhich suggests a defect in 
constitution. The history may indicate that a change of personality took place 
abruptly. This Avas interpreted to mean that an illness had occurred, damage had 
resulted and, as a result, activity, accomplishment and function Avere reduced to a 
loAver level. At this time (1934) Dr. Singer stated that he had no conception of 
the location of the disease process. The condition, hoAvever, Avas regarded as an 
organic dementia belonging to the group of dementia praecox, for it represents an 
actual disease process and a progressiA'.e loss of mental efficiency. 

The term schizophrenia does not signify an entity and is not necessarily 
descriptive of a disease, but denotes a form of behavior of a psychogenic nature. A 
situational reaction, for example, is not a disease but may be schizophrenic in the 
type of behavior shown, the reaction being the patient’s Avay of meeting the 
tlireatening situation. Thus schizophrenia is a formal descriptive term for 
behavior that may occur as the result of a disease process or of a maladjustment to 
the environment, Avith personality difficulty. From the beginning of 1934, there- 
fore, the case in Avhich the history suggests that a disease process has occurred 
at some time during the patient’s life has been classified as one of “schizophrenia, 
organic type.” The term schizophrenia is preferable to that of dementia praecox 
because the condition is not a dementia in the sense of intellectual loss and does not 
necessarily occur at an early age. In those instances in Avhich the illness Avas 
obviously a reaction to the environment, the condition was classified as “schizo- 
phrenia, psychogenic type.” 

Late in 1935 Dr. Singer i-eferred to a giA^en case of schizophrenia as a vegetative 
disturbance in the same sense that the manic-depressive psychosis is a vegetative 
disorder. This was the precursor of his theory, later to be advanced,^ that both 

1. Singer, H. D. : PsA'chosis and the Central Autonomic Nervous System, J. A. M. A. 
110:2048-2053 (June 18) 1938. 
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the organic schizophrenic psychosis and the manic-depressh’e psychosis are 
pathologically the same, namely, disorders of the autonomic nervous system, and 
that they differ symptomatically because of the type of person who is ill. 

It was contended that schizophrenia, psychogenic type, is a disturbance in 
behavior, schizophrenic in nature, not due to bodily illness. The symptom picture 
of schizophrenia may be psychogenic if it is a reaction motivated from a higher 
level (1936). It was stated, however, that the psychoneurosis is due to a relative 
constitutional weakness, probably a defect in the energy available for reaction, 
which makes the person less capable of adjusting to external conditions. Although 
the essential feature of a psychoneurosis is a maladjustment between the person 
and his environment, and therefore is primarily situational and a personality 
problem, the failure in adaptation may be extreme enough to necessitate the 
patient’s removal from the environment, so that by definition it may be classified as 
insanity, which means a condition producing incapacity to manage one’s affairs 
acceptably to society. 

AVhen the illness is organic, at a lower level, the manifestations must be studied 
with the purpose of finding what relation they have to the actual behavior. A 
person who is reacting at a higher level has insight. Even a psychotic person with 
schizophrenic hallucinations and ideas of reference knows that these are not real 
and has insight to that extent. The monotony of ideas in schizophrenia is due to 
the fact that they do not arise from higher levels of consciousness. The patient 
does the unexpected ; for example, he strikes another patient for no reason. There 
is no clue to this behavior. The act does not occur because of anything the other 
person did; it comes from within and is not related to the world outside. Thus 
schizophrenic behavior is characteristically unpredictable. The pattern is monoto- 
nous and repetitious because the motive forces, which come from within, are 
relatively unchanging, as compared with the rapidly changing stimuli from the 
outside (1936). 

In cases of the organic type the loss is of the emotional reactions, such as 
initiative, interest and drive. Emotion is a manifestation of energy in the body, 
and the term dementia was used to mean merely a loss of this energy, although 
it was recognized that the term dilapidation was preferable. The same sort of loss 
ma}’- occur in the presenile psychoses and in dementia paralytica, in which there 
• is in addition an intellectual loss. 

In 1937 psychosis was defined as a disturbance of the autonomic nervous 
system, which produces a change in the autonomic regulation of activity. Inflam- 
matory and other conditions affecting the central integrating mechanisms may also 
cause damage to the autonomic machinery, which will account for the emotional 
changes sometimes associated with dementia paralytica and other diseases primarily 
of the central nervous S 3 ^stem. 

Deterioration is due to a disease process in the central autonomic centers, an 
actual structural change which is irreversible. An active disturbance in these 
centers will also account for swings of excitation when they occur. These swings 
may be either manic or schizophrenic in form, depending on the personality. 

It was emphasized that the term schizophrenia merely denotes an exaggeration 
of a personal mode of reaction brought about by stress, which may occur as damage 
to the integrating mechanisms or may be the result of overwhelming difficulties in 
the situation. The former constitutes a ps 3 ''chosis ; the latter, a psychoneurosis. 

After the sorting out of cases of organic schizophrenia, the primary defect at 
the vegetative level (poor energ}* but no deterioration) in cases of simple schizo- 
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phrenia was stressed more and more, and finally the label “simple schizophrenia” 
was limited to a condition with an obvious defect in constitution. Late in 1938 
Dr. Singer stated that it seemed to him worth while to keep the term simple to refer 
to a constitutional defect which shows itself all through life and to restrict the other 
names, like hebephrenic, catatonic and paranoid, to refer to those conditions that 
are not inherited but are due to something that has happened since birth. This 
concept that simple schizophrenia is a primary defect at the vegetative level 
(energy), with nothing added, was a departure from the earlier point of view 
that it is a deterioration due to a disease process. It was recognized, however, 
that a constitutionally defective person may have superimposed on his defect added 
stress in the form of actual damage within the organism. Schizophrenia of this 
type was now classified as organic, the subgi'ouping depending on the characteristic 
features of the behavior. 

In summary, the schizophrenias may be classified in three types : ( 1 ) a defect, 
which includes simple schizophrenia and some paranoid schizophrenias; (2) an 
organic disease process, in Avhich the symptom picture may be that of the hebe- 
phrenic, catatonic or paranoid form, depending on the person who is ill, and (3) 
a psychogenic disorder in which, again, the form of the illness may be any of the 
aforementioned three types. These conditions are properly classified as psycho- 
neuroses. 

MANIC-DEPRHSSIVE PSYCHOSIS 

In 1934 the view was expressed that a manic or depressive reaction is a 
vegetative upset which influences the higher levels secondarily. The depression, 
for example, is not a withdrawal but a change in the actual vegetative activity of 
the body itself. There is a forcefulness about the mood which leads the patient 
to adopt definite ideas and reactions. In the manic condition, moreover, the 
expressions are frank and apjiropriate, and the patient is conscious of their meaning, 
in contrast to schizophrenia, in which the expressions are unintelligible to the 
observer, and probably also to the patient, because they are expressions of some- 
thing unconscious. In a depression the mood may lead the patient to justify it by 
the use of ideas of self condemnation. The patient utilizes every possibility to 
express his feelings ; this is a secondar}' reaction through the conscious levels. 
When chances for adjustment are diminished, doubts and fears apart from the 
illness will be strongly in evidence. Any one in such a depressed mood will be 
preoccupied with his own ideas of what is unpleasant and depressing. Such 
thoughts, however, do not cause the depression. 

It was stressed at this time that the term manic-depressive psychosis, like the 
term schizophrenia, describes not a disease, but a reaction or mode of behavior, 
the basis of which may be a number of things. The disorder may, for example, be 
precipitated by an acute infectious illness which disturbs the constitution, or it may 
arise as the result of a toxic process. 

Shortly thereafter Dr. Singer’s concept of the manic-depressive reaction was 
broadened : It was now considered that the condition is a reflection of the 
personality, and thus may be associated with and characterize any type of illness. 
A patient with cerebral arteriosclerosis, for example, may manifest typical manic 
features in his psychosis, or one with dementia paralytica may be depressed. Yet 
the ternis “manic” or “depressed” tell nothing of the underlying illness. 

Thus a diagnosis has not been made when a psychosis is labeled “manic- 
depressive.” Some disease may be present which produces a change in the general 
metabolic activity of the body, or there may be merely an oscillation of mood 
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beyond the normal limit. The manic-depressive syndrome, however, is not always 
vegetative in character, since it is merely a product of the personality. But a 
vegetative illness is not a personality disorder, although one ma}'' observe psycho- 
genic features therein, such as phobias, which are personality disorders, that is, 
vaiiations at a higher level depending on something in the experience of the person. 
Psychogenic depression does not show the same retardation as the manic-depressive 
depression, and there is an element of anxiety, which is due to conflict. In most 
situations of depression in which there is severe agitation one finds a rigid per- 
sonality. Thus the attitudes of the patient during the depression give it a typical 
coloring. The same element of personality is involved both in the disturbances 
of mood which are ps3^chogenicall3'’ determined and in those which are the result 
of deranged bodil3^ activity. One must know, therefore, how the depression came 
about, what it means in the functioning of the body and what is the nature of the 
disturbance. A true manic-depressive depression involves all functions. 

In 1937 Dr. Singer stated that the swings of mood brought about b3’’ environ- 
mental factors should be classed as pS3''choneuroses. In these instances the person 
is reacting to some conflict with the environment — to demands of the environment 
which arouse emotion. The stress in these instances is pS3^chogenic, and the 
psychogenic factors in experience determine the form in which the disturbance of 
mood is expressed. Nevertheless, environmental factors also pla3’' an enormous 
part in precipitating vegetative disturbances in persons who are liable to them, 
and disturbances thus pS 3 '-chogenically initiated may occur in the ps 3 'choses. 
Sometimes the vegetative imbalance is so great that anything will precipitate a 
disturbance. There is a tendency to emotional upset which must be regarded as 
part of the build of the person, in addition to other bodily factors which may 
precipitate mood swings. 

To question whether one is dealing with a manic-depressive disease or with a 
reactive excitement or depression is onty another way of asking the level of the 
disturbance. Swings in mood may occur onl3'’ during periods of bodil3^ stress, a 
stress not related to the environment, which lowers bodily resistance and initiates 
an upset. A manic-depressive depression is a disturbance on the vegetative level. 
Often it is extremel3’^ difficult to diflerentiate a ps3''choneurosis from a vegetative 
disturbance, for there may be pathologic mood swings in persons who also are 
neurotic. One striking feature is the monoton3'- in the vegetative disturbance. 
Most reactive or psychoneurotic persons can be distracted and the agitation of 
the depression will subside, but this cannot be accomplished with a person who has 
a more fundamental disorder. 

In 1934 the psychosis had been defined as a state of mind that is pathologic 
in the sense that it is excessive or too prolonged or involves a distortion of realit3'. 

The following year Dr. Singer again indicated that a disturbance, even when 
precipitated from the outside, may be ps3'^chotic in the sense that it is pathologic 
in degree and duration. He again stressed, however, that all ps3xhotic conditions 
are reactions, not diseases; they are behavior characteristics of the person who is ill. 
Whether a condition is manic or schizophrenic, for example, is mereh'^ a pS3’chologic 
or personalit3’' classification. 

Late in 1937 , after the advent of shock therap3'’ and the recognition of tlie 
possible role of the autonomic neiwous S3’^stem in mental disorders, the manic- 
depressive ps3Hiosis, like all psychoses, was defined as a disturbance of the central 
autonomic integrating mechanisms, perhaps pathologicalh’- the same as scliizo- 
phrenia, and difl’ering from it onh’- in form because of differences in the person who 
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is ill. Whether the patient behaves as a schizophrenic or as a manic-depressive 
person makes no difference if the disorder occurs at a given biologic level as the 
result of the same type of bodily chemical change. 

Although psychosis was now defined as a disturbance of the autonomic nervous 
system, the idea was still retained that the main determining factor in the form 
of the ps3’’chosis is the person who is ill, and that the terms “manic-depressive” and 
“schizophrenic” are merel}’’ descriptive of the expressed behavior, not diagnoses 
of the underlying disease process. Nevertheless, manic-depressive psychosis was 
now regarded as an organic illness, of central origin, involving the whole organism. 
The diagnosis is not merely a matter of the recognition of a specific type of 
persistent oscillation of severe degree in the autonomic adjustments. Instead of 
showing the normal mood swings, such persons exhibit a tendency toward greater 
degrees of oscillations, which last for a long time. These swings occur in persons 
who have such a constitutional makeup, for when the autonomic regulation is 
inferior in quality, there are more pronounced effects than when the organization 
is more adequate. Persons who cannot handle ordinary trauma show excessive 
reactions — to infections or to ps3'chologic stress — which may cause a disturbance 
of equilibrium be3'ond the normal range. Such swings occur in both manic- 
depressive and schizophrenic conditions. 

After attacks of what most people call manic-dei)ressive ps3'chosis, there ma3’ 
be deterioration (loss of energ3'-), although this is not common. Such deterioration 
is due to irreversible damage in the mechanisms of integration, and is obviously 
organic. It is probably identical with the illness which sometimes appears as a 
schizophrenic reaction. Disturbances in autonomic integration must result in 
disturbances of mood. When the expression of mood is frank and extrovert, the 
condition is classified as manic-depressive pS 3 'chosis, and when it is introvert and 
S3mibolized, as schizophrenia. The t3'pical manic-depressive ps3fchosis may more 
adequately be labeled a periodic autonomic imbalance, a designation which defines 
the illness in terms of the underlying pathologic process. Likewise, it was 
anticipated that the pathologic basis of schizophrenia would some day be described, 
and that schizophrenia, too, could then be given a name which would connote 
the basic underlying condition. 
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DETROIT 

For purposes of description the sensation of pain may be subdivided into two 
main categories : viz., somatic pain, produced by the noxious stimulation of the 
peripheral somatic ner\''es, and visceral pain, experienced after the appropriate 
stimulation of a viscus. In addition to these more common categories, a third 
variety of painful sensation, commonly designated as referred pain, is characterized 
by the fact that the painful sensation is interpreted by the subject as originating 
from the surface of the body, although it is known to be the result of the noxious 
stimulation of a viscus far removed from the painful area. 

It is generally agreed that stimulation of the parietal pleuroperitoneum by 
scratching or rubbing results in sensations of pain (Lennander^; Alvarez-: 
Morle)’’®), whereas stimulation of the visceral pleuroperitoneum is painless (Len- 
nander^; Capps and Coleman'*; Alvarez-). Most authors have expressed the 
belief that the gastric mucosa is insensitive to painful stimuli (Carlson and 
Braafladt^; Alvarez-), On the other hand, Boyden and Rigler ° reported that 
they produced pain by stimulating the gastric mucosa of human beings witli a 
faradic current. Although deeply seated, the pain was “projected” to the skin, and 
these painful areas tended to shift with changes in position of the electrodes within 
the stomach. 

It is believed that traction on the mesenteries is a stimulus adequate for the 
production of pain (Neumann'; Breslauer®; Adams'*; Lebendenko and Brjus- 
sowa*'*; Alvarez-). Meyer** and Alvarez- stated that neither distention nor 
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contraction of a viscus will cause pain unless the mesentery is stretched. Using 
the dilatation of the pupil as an index of visceral afferent activity in cats anes- 
thetized with chloralose (a compound of chloral hydrate and dextrose), Irving, 
McSwiney and Suffolk stated that the threshold pressui'e for visceral afferent 
activity, after distention of the, pylorus with a balloon, could be increased by at 
least 75 mm. of mercury by painting the pyloric mesenteries with cocaine. Briin- 
ing and Gohrbandt,^® while admitting that traction on the mesenteries will cause 
pain, stated that distention of the viscus is the more important stimulus. The 
results of these experiments indicate that traction on the mesenteries can initiate 
visceral afferent activity and that the nenmus activity resulting from the dis- 
tention of a viscus may be due in part, or in whole, to traction on its mesenteries. 

The great majority of workers believe that distention of a hollow viscus is a 
stimulus adequate for the production of pain (Briining and Gohrbandt^®; Frdh- 
lich and Meyer ; Kappis ; McDowelU®; Lebendenko and Brjussowa^®; 
Alvarez"). Bloomfield and Polland introduced balloons into the stomachs of 
human beings and inflated them with air. The intragastric pressures rose to and 
remained at 40 mm. of mercur}’', and discomfort and pain were felt by the sub- 
jects after 200 to 500 cc. of air had been introduced. Uurst,^® Payne and Poulton 
and Morley ® expressed the belief that the pain which follows distention of a 
hollow viscus is caused by stretching of its sensory nerves. Spasm of the gastro- 
intestinal musculature (Muller Ryle-^; Frohlich and Meyer ^■‘), as well as the 
increased tension on the muscular coat of a distended viscus (Hertz--), is 
thought to be stimulus adequate for the production of pain. 
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20. Muller, L. R. : Ueber die Empfindungen in Unseren inneren Organe, Mitt. a. d. Grenz- 
geb. d. Med. u. Chir. 18:600, 1908; Ueber Magenschmerzen und fiber deren Zustaudkommen, 
Mfinchen. med. Wchnschr. 66:541, 1919. 

21. Ryle, J. A.: Referred Pain, Lancet 1:348, 1921; Visceral Pain and Referred Pain, 
ibid. 1:895, 1926. 

22. Hertz, A. F. ; Goulstonian Lecture : Sensibility of Alimentary Canal in Health and 
Disease, Lancet 1:1051, 1911. 
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POSSIBLE PATHWAYS FOR VISCERAL PAIN 

Althougli the vagus nerve does contain visceral afferent fibers below the 
level of the diaphragm, it is generally believed that this nerve is not concerned 
with the transmission of pain from the abdominal portion of the alimentary canal 
( Langley Ranson^^; Kappis-^; Breslauer®; Alvarez-®; Duschl-"; Cannon-^). 
The studies of Heinbecker and O’Leary indicated that the vagus nerve, below 
the level of the diaphragm, is chiefly motor in function. 

It is the consensus that the greater splanchnic nerve serves as the main path- 
way for painful impulses originating within the upper portion of the abdomen 
(Kappis Duschl ; Cannon ; Alvarez -). Ross expressed the belief that the 
sensor}’- fibers in the greater splanchnic nerve which supply the stomach are 
associated with the fourth, the fifth and, possibly, the sixth thoracic segment of 
the spinal cord, whereas Ranson and Billingsley stated the opinion that the 
sensory fibers in the greater splanchnic nerve enter the spinal cord via the 
posterior roots of the sixth to the ninth thoracic spinal nerve. Edgeworth stated 
that the large medullated (probably sensory) fibers originating in the abdominal 
viscera and traveling by way of the greater splanchnic nerve enter the spinal cord 
mainly through the posterior roots of the eleventh thoracic to the second lumbar 
spinal nerve. Bain, Irving and McSwiney stimulated the central stump of the 
right greater splanchnic nerve in cats anesthetized with chloralose in which the 
spinal cord had been transected between the fifth and the sixth thoracic segment. 
Dilatation of the pupil, described by these workers as a very sensitive index of 
visceral afferent activity, was evident. However, after the right sympathetic 
trunk had been transected between the levels of the sixth and the seventh thoracic 
vertebra, stimulation of the right greater splanchnic nerve failed to cause dilatation 
of the pupil, although stimulation of the left greater splanchnic nerve was still 
effective. These investigators reported, further, that the spinal cord had to be 
transected at or above its third thoracic segment in order to eliminate, by tran- 
section of the spinal cord alone, the dilatation of the pupil caused by stimulation 
of the greater splanchnic nerve. These experiments indicate that some of the 

23. Langley, J. W. : The Autonomic Nervous System, Brain 27:1, 1903. 

24. Ranson, S. W. : The Structure of the Vagus Nerve in Man as Demonstrated by a 
Differential Axon Stain, Anat. Anz. 46:522, 1914. 

25. Kappis, M. ; Sensibilitat und lokale Anasthesie in chirurgische Gebiet der Bauchhohle 
mit besonderer Berucksichtigung der Splanchnicus Anasthesie, Beitr. z. klin. Chir. 115:161, 
1919. 

26. Alvarez, W. C. : Abdominal Pain: Paths Over Which It Travels and Ways in Which 
These May Be Blocked, Am. J. Surg, 14:685, 1931. 

27. Duschl, L. : Klinische und experimentelle Untersuchungen uber Schmerzphanomene in 
Oberbauch, Resorption und peritoneale Ausscheidung in des Bauchhohle, Deutsche Ztschr. f. 
Chir. 237:650, 1932. 

28. Cannon, B. : Method of Stimulating Autonomic Nerves in the Unanesthetized Cat with 
Observations on the Motor and Sensory Effects, Am. J. Physiol. 105:366, 1933. 

29. Heinbecker, P., and O’Lear}’-, J.: The Mammalian Vagus Neiwe: A Functional and 
Histological Study, Am. J. Physiol. 106:623, 1933. 

30. Ross, J. : On the Segmental Distribution of Sensory Disorders, Brain 10:333, 1888. 

31. Ranson, S. W., and Billingsley, P. R.: An Experimental Analysis of the Sympathetic 
Trunk and Greater Splanchnic Nerve in the Cat, J. Comp. Neurol. 29:441, 1918; The Thoracic 
Truncus Sympathicus Rami Communicantes, and Splanchnic Nerves in the Cat, ibid. 29:405. 
1918. 

32. Edgeworth, F. H. : On the Large-Fibered Sensory Supply of the Thoracic and Abdom- 
inal Viscera, J. Physiol. 13:260, 1892. 

33. Bain, W. A.; Irving, J. F., and JilcSwiney, B. A.: The Afferent Fibers from the 
.A.bdomen in the Splanchnic Nerves. T. Physiol. 84:323, 1935. 
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sensory fibers in the greater splanchnic nerve travel cephalad in the sympathetic 
chain and enter the spinal cord as high as its third thoracic segment. Cannon 
reported that stimulation of the greater splanchnic nerve and of the upper lumbar 
portion of the sympathetic trunk is followed by actions which are indicative of 
pain. 

Irving, McSwiney and Suffolk stated that the threshold pressure for visceral 
alferent activity during distention of the stomach varied from 10 to 60 mm. of 
mercury. It appears from their experiments that the visceral afferent impulses 
initiated during distention of the stomach and during traction on the gastric and 
duodenal mesenteries reached the higher centers by wa)' of both the vagus and the 
greater splanchnic nerve. Lebendenko and Brjussowa^® found that the pain 
resulting from distention of the stomach of the dog could be abolished by a posterior 
rhizotomy extending from the fourth thoracic through the third lumbar level 
of the spinal cord. These investigators I'eported, further, that transection of the 
spinal cord at its fifth thoracic segment, bilateral transection of the sympathetic 
trunk at the level of the fifth rib and bilateral transection of the phrenic and -s'agus 
nerves did not abolish the pain produced by stretching of the gastric mesenteries. 
The investigators explained their inability to alleviate tbe pain produced by trac- 
tion on the gastric mesenteries as due either to stimulation of the thoracic viscera 
by changes in pressure or to the presence of still another pathway for painful 
impulses, possibly associated with the aortic ple.xus. 


MECH.\NISM or REFERRED PAIX 

Many theories have been proposed in an attempt to e.xplain the neurologic 
mechanism of referred pain. Ross was one of the first to state that a diseased 
organ gives rise to two types of pain, viz., a deeply seated pain located directly over 
the organ, and a more superficial, better localized pain in areas far removed from 
the site of the diseased viscus. This investigator proposed the theory (which was 
original with Stiirge®'*) that irritation of the visceral terminations of the greater 
splanchnic nerve results in the passage of impulses to the posterior columns of 
the spinal cord, where they “diffuse” to the sensory fibers of the intercostal neiwes. 
An “associated pain” is thus set up which is interpreted by the subject as having 
had origin along the distribution of the intercostal nerv^es which were involved. 
Head suggested that the sensory and localizing powers associated with the 
body surface are far superior to those associated with the viscera. By what he 
termed a “psychical error of judgment,” impulses which reach conscious levels from 
the “diffusion areas” of the spinal cord are interpreted by tbe person as having 
originated from the surface of the body rather than from the diseased auscus. 
Mackenzie elaboi'ated on Ross’s theory of diffusion areas within the spinal cord. 
According to this worker, if the incoming neiwous activity from the stimulated 
viscus diffuses onto and excites somatic afferent neurons, the subject interprets 
the pain as originating from the sensory terminals of the excited somatic neurons 
(the viscerocutaneous reflex). If, on the other hand, the incoming nervous activity 
diffuses onto and excites somatic efferent neurons, reflex rigidity of the somatic 
musculature innervated by that segment of the spinal cord results (the viscero- 

34. Stiirge, W. A. : The Phenomenon of Angina Pectoris and Their Bearing upon the 
Theory of Counter-Irritation, Brain 5:492, 1883. 

35. Head, H. : On Disturbances of Sensation, with Especial Reference to Pain of Visceral 
Disease, Brain 16:1, 1893; 17:339, 1894.; 19:153, 1896. 

36. Mackenzie, J. : Some Points Bearing on the Association of Sensory Disorders and 
Visceral Disease, Brain 16:321, 1893. 
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motor reflex). The sweating and pilomotor responses, frequently observed within 
areas of cutaneous hyperalgesia, were explained also by the concept of an “irri- 
table focus.” 

Lennander ^ expressed the belief that referred pain is caused by stimulation 
of the sensory fibers of the somatic nerves by an irritated pleuroperitoneum, 
the latter resulting from contact with a diseased viscus. Morley expressed the 
opinion that the dull, deep-seated pain located directly over a diseased organ results 
from tension on its walls, whereas the pain referred to the surface of the body is 
caused by irritation of the parietal peidtoneum overlying the diseased A'iscus. 
According to this investigator, each somatic nerve supplies a strip of parietal peri- 
toneum, the overlying skin and the intervening somatic musculature. Either nervous 
activity originating in the irritated peritoneum overl3dng a diseased viscus is 
misinterpreted as originating in the skin, or, what is more likely, there is actual 
diffusion of nervous activity within the spinal cord or the dorsal root ganglia from 
the sensor}^ fibers supplying the peritoneum to the sensory fibers supplying the 
skin (the peritoneocutaneous radiation). The hypertonicity of somatic musculature, 
so frequently an accompaniment of referred pain, is brought about by activation 
of the anterior horn cells by nervous activity originating in the irritated peritoneum 
overlying the diseased viscus (the peritoneomuscular reflex). 

Pollock and Davis reported that the impulses initiated by the stimulation of 
the central diaphragmatic peritoneum traverse and enter the spinal cord over the 
trunk and the posterior roots of the phrenic nerves. Within the spinal cord, 
the impulses descend to the cells of the intermediolateral column of the eighth 
cervical and the first three thoracic segments. From this region the impulses travel 
through preganglionic sympathetic fibers, via the anterior roots, to the cervical 
sympathetic ganglia. These investigators stated : 

From here postganglionic fibers travel to the skin, blood vessels, meninges and other struc- 
tures, where by some vasomotor (?) or hormonal (?) process the sensory endings of the 
cerebrospinal system are stimulated and a sensory impulse travels over the ordinary cerebro- 
spinal system, enters the spinal cord through the posterior roots and ascends to consciousness. 

Hinsey and Phillips questioned the existence of the elaborate pathway proposed 
by Pollock and Davis for the transmission of pain produced by stimulation of the 
central diaphragmatic peritoneum. These investigators reported that such pain 
is dependent on afferent fibers contained in the phrenic nerve only and that it is 
independent of afferent fibers in the vagus and intercostal nerves and of efferent 
fibers in the sympathetic pathways. 

Lewis and Kellgren injected a hypertonic solution of sodium chloride into 
the first lumbar interspinous ligament of a human being and stated that the 
patient experienced the same character and distribution of pain that he had had 
previously during attacks of renal colic. It was concluded from this study that 
there exists no special form of pain, referred or otherwise, and no special form 
of viscerosensory or visceromotor reflexes which can be considered hallmarks 
of visceral disease. According to these investigators, a common system of afferent 
nerves supplies the deep somatic and certain visceral structures and is responsible 
for all of the pain and the referred phenomena associated with visceral disease. 

37. Morley, J. : Abdominal Pain, New York, William Wood & Company, 1931 ; footnote 3. 

38. Pollock, L. J., and Davis, L. : Visceral and Referred Pain, Arch. Neurol. & Psvcbiat. 
34:1041 (Nov.) 1935. 

39. Hinsey, J. C., and Phillips, R. A.: Observations on Diaphragmatic Sensation, J. Neuro- 
physiol. 3:175, 1940. 

40. Lewis, T., and Kellgren, J. H. : Observations Relating to Referred Pain. \’iscero- 
^lotor Reflexes and Other Associated Phenomena, Clin. Sc. 4:47. 1939. 



744 


ARCHIVES OF NEUROLOGY AND PSYCHIATR}' 


EXPERIMENTAL PROCEDURE AND RESULTS 

It is the purpose of this paper to record the results of an investigation in which 
the pathways for pain from the stomach of the dog were determined by surgical 
methods.'*’- Preliminary experiments indicated the necessity of a method for pro- 
ducing pain which was reproducible and in which the intensity of the stimulus 
could be calibrated accurately. The distention of the stomach with air by a balloon 
attached to a stomach tube and connected with an aneroid manometer proved to be 
satisfactory. 

In the dog, it was found that a change in respiration was the only constant 
objective sign of the pain which follows distention of the stomach. This change 
was evident in the expiratory phase of respiration only and was of a peculiar .step- 
like form (figui'e). Groaning and howling frequently accompanied the steplike form 
of expiration and aided in the final judgment as to whether or not the dog was 
experiencing pain. 

The peculiar steplike form of expiration indicative of pain following distention 
of the stomach can be described as follows: The dog inhales deepl)^ and quickl}- 
and then releases its breath in short spurts, or periods, of exhalation, halting 
momentarily between each period, so that, when recorded on the kymograph, the 
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Changes in respiration induced by painful distention of the stomach of the dog. 


curve of the entire expiration resembles a row of steps. The graphs of Pollock and 
Davis show a similar steplike type of expiration, but these workers did not indi- 
cate that it was regarded as a specific criterion of the presence of pain. 

The apparatus used in the distention of the stomach consisted of a stomach tube, to the 
e-xtremities of which were fastened a balloon and a T tube. A sphygmomanometer bulb, 
used to inflate the stomach, was attached to one arm of the T tube, and an aneroid manometer, 
calibrated in millimeters of mercury, was mounted on the other arm. The respiratory move- 
ments of the dog were recorded on smoked paper by placing on the dog’s thorax a partially 
inflated rubber basketball bladder, which was connected to a tambour, on which was mounted 
a light aluminum stylus. The bladder was held in place by a metal arch, which was fastened 
to the sides of the table. 

The actual procedure which has been employed in these studies can be illustrated by 
describing a typical experiment. A healthy dog of 10 to IS pounds (4.5 to 6.8 Kg.) in weight 
was made to fast overnight, taken into a quiet room, fastened to the operating table and anes- 
thetized with ether. When the stage of anesthesia was moderately deep, the stomach tube, 
with the balloon attached, was moistened with warm water and passed through the esophagus 
into the stomach. The dog was then allowed to breathe pure air until it responded, by a 
brief inhibition of respiration, to slight pinching of the skin of the abdominal wall. The balloon 
was then inflated rapidly by means of the sphygmomanometer bulb, and, as a rule, the intra- 
gastric pressure rose to about 35 or 40 mm. of mercury over a period of one to three minutes. 

41. The suture material utilized in this experiment was furnished in part by Davis & Geek, 
Inc., Brooklyn. 
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Tlie pressure usually remained at this level for an additional one-half minute, even though 
inflation was continued rapidly. In most cases the intragastric pressure then rose slowly to 
about 50 to 60 mm. of mercury, at which point the steplike expiration, indicative of pain, was 
evident (figure). The respiratory movements were recorded continuously throughout the 
experiment. 

After establishment of the preoperative threshold for pain, one of a number of, or a combina- 
tion of several, operative procedures was carried out (table). After enough time had elapsed 
for healing of the wound (this interval, which varied from one to three weeks, never reached 
the period required for regeneration of the transected nerves), the dog’s stomach was again 
distended and its preoperative and postoperative thresholds for pain were compared. The post- 
operative threshold for pain was determined several times after each operation, a period of 
at least five days being permitted to elapse between inflations. Each animal was autopsied 
after its postoperative threshold had been established. 

Since the animal’s preoperative and postoperative thresholds for pain were 
recorded with the dog under light ether anesthesia, the c[uestion arose as to the 
possibility of error due to the influence of the anesthetic. The normal, or 
preoperative, thresholds were determined for 3 animals in the usual manner with 
the animal under ether anesthesia. Gastric fistulas were then constructed so 
that the stomach tube, with its attached balloon, could be inserted into the stomach 
directly without traversing the esophagus and in the absence of an anesthetic. The 
postoperative thresholds for pain were determined under these conditions and 
compared with the preoperative thresholds for the same dogs determined when 
they were under light ether anesthesia. The preoperative and the postoperative 
thresholds for pain were found to be practically identical. It is believed, therefore, 
that the state of anesthesia employed in these experiments had no effect on the 
thresholds for pain following distention of the stomach. 

The question arose, also, whether or not a dog might become adapted to 
repeated distentions of its stomach and show progressively elevated thresholds 
for pain on subsequent inflations. Six dogs were subjected to such a procedure 
at frequent intervals for periods as long as seven months. No significant change 
in their thresholds for pain was observed. 

It is conceivable that the venous and/or the arterial congestion within the 
stomach, resulting from the elevated intragastric pressure during distention of 
the organ, might alter the threshold for pain. As a test of this possibility, the 
veins draining the stomach w^ere ligated in 2 dogs, and in 2 other dogs both 
the veins and the arteries were so treated. In no case was any difference evident 
between the preoperative and the postoperative threshold for pain following dis- 
tention of the stomach. 

Finally, the question arose as to the extent of. the intragastric pressure 
required for secondary painful stimulation of the body wall and/or tbe structures 
and organs adjacent -to the stomach. In 5 dogs the peritoneal cavit}^ was distended 
with air by means of a hypodermic needle insertecl through an anesthetized area 
of the abdominal wall. The peculiar steplike expiration, indicative of pain, appeared 
at pressures between 105 and 110 mm. of mercuiy in all cases. These experiments 
indicate that at intragastric pressures up to approximately 105 mm. of mercury 
the resulting pain is due to the distention of the stomach, whereas during intra- 
gastric pressures above this level the pain originates in the body wall and/or 
the structures adjacent to the stomach. 

No significant change could be detected in tbe threshold for pain produced by 
distention of the stomach after either unilateral or bilateral transection of the ^'ayu.s 
or the phrenic nerve in the cervical region or of the phrenic nerve within the thorax 
(table). Neither left unilateral nor bilateral transection of the sympathetic trunk 
just caudad to the origin of the greater splanchnic nerve (table) ])roduced any 
change in the threshold for pain following distention of the stomach. 
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Dog Ko. Operation 

1 Transection of left vagus nerve in neck 

2 Transection of loft vagus nerve in neck 

3 Transection of right vagus nerve in neck 

2 Bilateral transection of vagus nerve in neck 

Bilateral transection of vagus nerve in nock 

'I'ranscetion of right phrenic non-e in thorax 

Transection of right phrenic nerve in thorax 

Bilateral transection of phrenic nerve in thorax 

Bilateral transection of phrenic nerve in neck 

Bilateral transection of phrenic nerve in neck 

Transection of left si’mpnthctlc tnmk below splanchnic nerve. . 
Transection of left sympathetic trunk below splanchnic nerve.. 
Transection of left sympathetic tr\mk below splanchnic nerve.. 
Transection of left sympathetic trunk below splanclinlc nerve. . 
Bilateral transection of sympathetic trunk below splanchnic 
nerve 
Bilateral 
nerve 
Bilateral 
nerve 
Bilateral 
nerve 

Transection of spinal cord at 08 - Tl 

Transection of spinal cord at 0 8 - Tl 

Transection of spinal cord at Tl - T2 

Transection of spinal cord at T2 - T3 

Transection of spinal cord at T3 - T4 

Transection of spinal cord at T3 - T4 

Transection of .spinal cord at T4 - T5 

Transection of spinal cord at T4 - T5 

Transection of spinal cord at T6 - TC 

Transection of .spinal cord at T6 - TC 

Transection of spinal cord at T5 - TC 

Transection of spinal cord at T 0 - T 6 

Transection of spinal cord at T7 - T8 

Transection of spinal cord at T7 - T8 

Transection of spinal cord at T8 - TO 

Transection of loft splanchnic nerve 

Transection of loft splanchnic nerve 

Transection of left splanchnic nerve 

lYnnsection of right splanchnic nerve 

Transection of right splanchnic nerve 

Transection of right splanchnic nerve 

Transection of right splanchnic nerve 

Transection of right splanchnic nerve 

Transection of right spianohnio nerve 

Bllntornl transection of splanchnic nerve 

Bilateral transection of splanchnic nerve 

Bilateral transection of splanchnic nerve 

Bilateral transection of splanchnic nerve 

Bilateral transection of splanchnic nerve 

Bilateral transection of splanchnic nerve 

Transection of left rami communlcantcs, T8 through T 13 

Transection of loft rami communicantes, T8 through T13 

Transection of right rami communicantes, T7 through T13 

Transection of right rami communicantes, T 8 through T 13 

Bilateral transection of rami communicantes, T7 through T13 
Bilateral tran.soction of rami communicantc.s, T 8 through T 13 
Bilateral transection of rami communicantes, T8 through T13 
Bilateral transection of rami communicantes, T 8 through T 13 

Tronseotion of posterior roots, T6 through T9 

Transection of posterior roots, T3 through T7 

Transection of posterior roots, T4 through T7 

Tran.scctlon of posterior roots, T5 through Til 

Transection of posterior roots, T6 through T13 

'Ih-anscction of posterior roots, T 0 through T 13 

Tran.^ection of posterior roots, T8 through T12 

ITansection of posterior roots, T7 through ri2 

'rranscction of posterior roots, TO through TD 

Transection of posterior roots, T 5 through B 2 

Transection of posterior roots, T 3 through B 3. 

Transection of posterior roots, T9 through "13... 

'Pransection of posterior roots, TIO through D 4 

Tran.^ection of posterior roots, D1 through B 4. 

Transection of anterior roots, T3 through TO. 

Transection of anterior roots, T4 through TIO 

Transection of anterior roots, T5 through Til..... 

Transection of anterior roots, T4 through T13 

'i’ranscetion of anterior roots, T3 through T13 

Transection of anterior roots, T4 through B4 

Transection of anterior roots, T4 through B4 

Transection of anterior roots, TIO through B7 

Transection of anterior roots, T3 through B7..... 

Transection of anterior and posterior roots, T4 through TIO. 
'Transection of anterior and posterior roots, T 4 through T 10. 
Transection of anterior and posterior roots, T4 through B2.. 
Transection of anterior and posterior roots, T13 through B4. 
Removal of left sympathetic trunk between 3d and 9th ribs.... 
Removal of left sympathetic trunk between 4th and 9th ribs... 
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Results of Determination by Surgical Methods of Pathways for Pain from the 
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Preoperative 

Threshold, 

Postoperative 

Threshold, 

Dog Xo. 

Operation 

in Mm. Hg 

in Mm. Hg 

141 

Removal of right sj’mpathetic trunk between 3d and 9th ribs... 

55 

62 

152 

Removal of left sympathetic trunk between 3d and 9th ribs and 
right sympathetic trunk between 4th and 9th ribs 

45 

70 

144 

Bilateral removal of sympathetic trunk . between 4th and 9th 
ribs 

55 

66 

153 

Removal of left sympathetic trunk between 3d and 10 ribs and 
right sympathetic trunk between 2d and 9th ribs 

45 

45 

113 

Transection of left intercostal nerve, T4 through Til, just 
distal to posterior div 

30 

S5 

IIS 

Transection of left intercostal nerve, T 5 through T 12, just 
distal to posterior div 

55 

62 

119 

Transection of right intercostal nerve, T6 through T12, just 
distal to posterior div 

55 

50 

120 

Transection of right intercostal nen'c, T 4 through T 11, just 
distal to posterior div 

45 

48 

123 

Bilateral transection of intercostal nerve, T6 through T12, 
just distal to posterior div 

55 

53 

126 

Bilateral transection of intercostal nerve, T 5 through T 12, 
just distal to posterior div 

60 

55 

124 

Bilateral transection of intercostal nerve, T5 through T12, 
just distal to posterior div 

60 

63 

15S 

Bilateral transection of posterior roots, T8 through T12 

55 

100 

loS 

Bilateral transection of posterior roots, T8 through T12, 
transection, of left sympathetic trunk below splanchnic 
nerve and at level of 6th rib 

55 

90 

loS 

Bilateral transection of posterior roots, T 8 through T 12, — 
bilateral transection of sympathetic trunk below splanchnic 
nen -0 and at level of 6th rib 

55 

100 

15S 

Bilateral transection of posterior roots, T8 through T12, — 
bilateral transection of sympathetic trunk below splanchnic 
ner\'e and at level of 6th rib + bilateral transection of 
greater splanchnic nerve 

55 

120 


Unilateral transection of the left greater splanchnic nerve increased the 
thresholds for pain following distention of the stomach by an average pressure 
of 22 mm. of mercury, whereas unilateral transection of the right greater splanchnic 
nerve increased the thresholds for pain by an average of only 11 mm. of mercury 
(table). Bilateral transection of the greater splanchnic nerve in the same dogs, 
however, raised their thresholds for pain from an average preoperative level of 
53 mm. to an average postoperative level of 93 mm. of mercury (table). These 
experiments indicate that the greater splanchnic nerve of the dog contains at least the 
greater majority of the afferent fibers which mediate pain following distention of 
the stomach. The left greater splanchnic nerve probably contains a greater number 
of these fibers than does the right. 

Unilateral transections of the rami communicantes of the seventh or eighth 
through the thirteenth thoracic spinal nerve on the right side increased the 
thresholds for pain following distention of the stomach by an average pressure 
of 22 mm. of mercury, whereas the same operative procedure on the left side 
increased the thresholds for pain by an average pressure of only 11 mm. of 
mercury (table). We are unable to explain why these results are contrary to those 
of unilateral transection of the greater splanchnic nerve. Bilateral transection 
of these particular rami communicantes in the same dogs, however, raised the 
thresholds for pain from an average preoperative level of 52 mm, to an average 
postoperative level of 90 mm. of mercury (table). These results compare favorably 
with those obtained after bilateral transection of the greater splanchnic nen^e. 

Extensive bilateral transections of the posterior roots of the spinal nerA^es 
Were performed on 3 dogs. In the first dog the posterior rhizotomies extended 
from the third thoracic through the third lumbar spinal nerves ; those in the second 
dog, from the fourth thoracic through the fourth lumbar spinal nerves, and those in 
the third dog, from the fifth thoracic through the second lumbar spinal nerves 
(table) . In each case the postoperative threshold for pain following distention of the 
stomach showed an increase of 50 mm. of mercury or more over the preoperative 
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level. A comprehensive series of experiments involving less extensive posterior 
rhizotomies were performed on 12 dogs (table). These experiments included 
posterior rhizotomies on the upiDer thoracic,- the combined upper and middle 
thoracic, the middle thoracic, the combined middle and lower thoracic, the lower 
thoracic, the combined lower thoracic and upper lumbar and the upper lumbar 
nerves. It was found that the postoperative threshold for pain was elevated by at 
least 25 mm. of mercury provided that the posterior roots of the eighth through 
the thirteenth thoracic spinal nerve had been transected. 

The spinal cords of 15 dogs were transected at different levels through the 
cervical and thoracic regions of the cord (table). The results of these experiments 
indicate that a chordotomy through any level of the spinal cord cephalic to its 
fourth thoracic segment will abolish completely the pain initiated by distention of 
the stomach. Transection of the spinal cord between its fourth and its seventh 
thoracic segment usually raised the threshold but seldom al^olished completely the 
pain resulting from distention of the stomach. Chordotomy below the level of the 
seventh thoracic segment of the spinal cord liad no effect on the threshold 
for pain following distention of the stomach. 

The sympathetic trunk between the levels of the third or fourth and the ninth 
or tenth rib was removed unilaterally (table). Removal of the right sympathetic 
trunk, and in 1 of 2 cases removal of the left sympathetic trunk, did not affect the 
thresholds for pain following distention of the stomach. The second dog in which 
the left sympathetic trunk was removed showed, however, an increased threshold 
for pain amounting to a pressure of 45 mm. of mercury. Bilateral remo^•al of 
these portions of the sympathetic trunk (table) provoked no change in the threshold 
for pain in 2 out of 3 dogs. The third dog, however, had a postoperative threshold 
for pain which was 25 mm. of mercury higher than its base line. In a few dogs 
the thickened portion of the sympathetic trunk, owing in all probabilit}' to the 
presence of afferent fibers from the greater splanchnic nerve, extends cephalad 
to the vicinity of the eighth rib. Should this portion of the sympathetic trunk be 
traumatized, one would expect an increase in the threshold for pain comparable 
to that resulting from damage to the greater splanchnic nerve. 

Extensive bilateral transections of the anterior roots of the spinal nerves were 
performed in 3 dogs. In the first dog the anterior rhizotomies extended from 
the third thoracic through the sex^enth lumbar spinal neiwe, whereas the operation 
in the second and third dogs extended from the fourth thoracic through the 
fourth lumbar spinal nerve (table). In no case was there any detectable diff'erence 
in the preoperative and the postoperative threshold for pain. 

Combined transections of the anterior and posterior roots of the thoracic 
and lumbar spinal nerves were performed in 4 dogs (table). In no instance did any 
of these animals show any change in their thresholds for pain other than what would 
be expected to follow transections of the posterior roots alone. 

In 5 dogs, the lower seven intercostal nerves were transected unilaterally 
and bilaterally just distal to the point of origin of the posterior division of each 
neiwe (table). These operative procedures appeared to have no effect on the 
thresholds for pain following distention of the stomach. 

The following experiment was performed on 1 dog in an attempt to limit more 
closely the neurologic pathway which mediates pain from the stomach. Bilateral 
transections of the posterior roots of the eighth through the twelfth thoracic spinal 
nerve were performed. The threshold for pain, following this operative procedure, 
was increased by a pressure of 45 mm. of mercury. The threshold for pain con- 
tinued at this level after bilateral transection of the sympathetic trunk at the level 
of the sixth rib and, again, just caudad to the origin of the greater splanchnic nerve. 
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After a bilateral transection of the greater splanchnic nerve, however, the threshold 
for pain increased hy an additional pressure of 20 mm. of mercury. As has been 
stated elsewhere, it is necessary to transect the posterior roots of the fourth thoracic 
through the third lumbar spinal nerve in order to alleviate completely the pain 
which follows distention of the stomach in the dog. The results of the experiment 
just described would, therefore, indicate that the posterior roots of the sixth, 
seventh and thirteenth thoracic spinal nerves are capable of mediating a con- 
siderable portion of the pain resulting from distention of the stomach. 

COMMENT 

We believe that the peculiar steplike type of expiration vdiich was observed 
in all dogs after distention of the stomach is an objective sign of the pain experienced 
hy the animal. The presence of this sign following distention of the stomachs 
of dogs in which bilateral transections of the phrenic and vagus nerves and of the 
anterior roots of the thoracic and lumbar spinal nerves had been performed indicates 
that this sign is not dependent for its appearance on the phrenic nerve, the vagus 
nerve or the anterior roots of the thoracic and lumbar spinal nerves. It would 
appear, therefore, that this sign is not initiated hy stress or embarrassment of the 
mechanism for respiration. Wdien the spinal cord is transected cephalad to the 
fourth thoracic segment, the peculiar steplike type of expiration does not appear, 
except at intragastric pressures above approximately 105 mm. of mercury. This 
fact indicates that the sign is not the result of a spinal cord reflex and that it does 
depend for its appearance on higher centers in the central nervous system. 

No significant changes in the thresholds for pain could be observed after 
repeated distentions of the stomach of the same dog over intervals as long as 
seven months. These observations indicate that adaptation of the stomach, under 
the conditions of this investigation, does not occur and hears no relationship to any 
increased postoperative threshold for pain. Gastric fistulas were constructed in 
one group of dogs, so that the stomach could he distended by an air-filled balloon 
in the absence of any anesthetic. The preoperative threshold for pain which was 
recorded while the dog was under very light ether anesthesia was identical with 
the postoperative threshold for pain recorded in the absence of any anesthetic. 
It is believed, therefore, that the state of anesthesia employed in this investigation 
does not alter materially the thresholds for pain following distention of the stomach. 
No change in the thresholds for pain was evident after ligation of the arteries 
and veins of the stomach. These results suggest that the threshold for pain 
following distention of the stomach is not affected hy either venous or arterial 
congestion of that organ. 

It is believed that the appearance of the peculiar steplike type of expiration 
following intragastric pressures at or above 105 mm. of mercury is due to pain 
which originates in the body wall and/or the structures and organs adjacent to the 
stomach. This is indicated by the results of an experiment in which the peritoneal 
cavities of 5 dogs were distended with air hy means of a hypodermic needle inserted 
through an anesthetized area of the abdominal wall. The peculiar steplike type 
of expiration appeared in each case when the intra-abdominal pressure became 
elevated to between 105 and 110 mm. of mercury. It is believed, therefore, that 
the pain which follows intragastric pressures up to approximately 105 mm. of 
mercury originates in the stomach and its mesenteries. 

Transection of the nerves containing the afferent fibers from the stomach should 
therefore raise the threshold for pain to a pressure of approximately 105 mm. of 
mercury, and it was hy this means that the sensory pathway was traced. It should 
he pointed out, however, that the surgical method for tracing sensory pathwavs 
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is not adapted for estimating quantitatively the number of fibers mediating pain in 
any one nerve. It is distinctly possible that some nerve trunk might contain a 
few of the fibers mediating pain from an oi*gan which, when all the remaining fibers 
of the pathway were intact, would conduct actually a relatively low percentage 
of* the total number of the impulses initiated by the stimulation of the organ. 
If, on the other hand, these aberrant fibers were the only fibers of the path- 
way I'emaining intact, it is quite possible that they might deliver to the higher 
centers impulses in sufficient number to bring about the sensation of pain at 
the same threshold as it would have been produced had the entire pathway been 
intact. The investigations of Dusser de Barenne indicate that under certain 
conditions neurologic mechanisms of this type do exist. 

The results of the experiments alread}’’ described indicate that in dogs the 
pain which accompanies distention of the stomach is mediated by afferent fibers 
which traverse the greater splanchnic nerve to the sympathetic trunk. The majority 
of these fibers probably enter the spinal cord via the rami communicantes and the 
corresponding posterior roots of the eighth through the thirteenth thoracic spinal 
nerve. This is indicated by the fact that transections of the I'ami communicantes 
or of the posterior roots of these nerves result in an elevation of the threshold 
for pain amounting to 25 mm. or more of mercury. 

It has been noted that a more e.xtensive posterior rhizotonty (extending from 
at least the fourth through the third lumbar spinal nerve) had to be performed in 
order to produce a maximal elevation of the threshold for pain after distention of 
the stomach (which was a pressure of approximately 105 mm. of mercury). This 
fact indicates that certain of the fibers which mediate pain from the stomach of 
the dog ascend and descend within the sympathetic trunk as far cephalad as the 
fourth thoracic and as far caudad as the third luml)ar sympathetic ganglia. These 
ascending and descending fibers undoubtedly enter the spinal cord via the rami 
communicantes and the posterior I'oots of the fourth through the seventh thoracic 
and the first through the third lumbar signal nerve. That these ascending and 
descending fibers are probably not of major physiologic importance when the rami 
communicantes and the posterior roots of the eighth through the thirteenth thoracic 
spinal nerve are intact is shown by the results of 3 experiments. In the first 
experiment, the sympathetic trunk M'as transected bilaterally just caudad to the 
origin of the greater splanchnic nerve from the sympathetic trunk; in the second 
experiment, the sympathetic trunk was transected bilaterally at the level of the 
sixth rib and again just caudad to the origin of the greater splanchnic nerr^e from 
the sympathetic trunk ; in the third experiment, the sympathetic trunk was removed 
bilaterally between the levels of the third and the eighth or ninth rib. Elevation of 
the postoperative threshold for pain following distention of the stomach occurred 
in only 2 dogs of this group. We believe that these exceptions can be explained 
on the basis that in some dogs the thickened portion of the sympathetic trunk, 
undoubtedly caused b)'’ the presence of afferent fibers from the greater splanchnic 
nerve, extends cephalad to the vicinity of the eighth rib. Therefore, it is obvious 
that trauma to the thickened portion of the sympathetic trunk would produce 
changes in the threshold for pain similar to that following damage to, but not 
complete interruption of, the greater splanchnic nerve. 

It was shown that the pain which follows dilatation of the stomach is obliterated 
by transection of the spinal cord at any level above its fourth thoracic segment. 
Successive transections of the spinal cord between its fourth and its seventh 
thoracic segment result in progressive lessening of the differences between the 

42. Dusser de Barenne, J. G. : Central Levels of Sensory Integration, A. Research Nerv. & 
Ment. Dis., Proc. 15:274, 1935. 
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preoperative and the postoperative threshold for pain. Transection of the spinal 
cord below the level of its seventh thoracic segment has no effect on the threshold 
for pain following distention of the stomach. This gradual diminution of the dif- 
ference between the preoperative and the postoperative threshold for pain is 
due apparently to a progressive increase in the number of afferent fibers entering 
the spinal cord from the stomach as one progresses from the upper through the 
middle region of the thoracic portion of the spinal cord. 

It is obvious from these observations that the results which were obtained 
after transection of the spinal cord are not in agreement with those obtained after 
transections of the posterior roots or of the rami communicantes of the eighth 
through the thirteenth thoracic spinal nerve. It has been stated elsewhere that 
transection of the posterior roots or of the rami communicantes of the eighth 
through the thirteenth thoracic spinal nerve is followed by an increase in the 
threshold for pain amounting to a pressure of 25 mm. or more of mercury. On 
the other hand, transection of the spinal cord caudad to the level of its seventh 
thoracic segment, an operative procedure which should interrupt any sensory path- 
way traversing the posterior roots or the rami communicantes of the eighth through 
the thirteenth thoracic spinal nerve, has no effect on the threshold for pain after 
distention of the stomach. Since the results of the various experiments already 
reported in this paper have indicated that thirteen posterior roots (fourth thoracic 
to third lumbar inclusive) contain sensory fibers mediating pain from the stomach, 
it is of interest to note that transection of the spinal cord caudad to its seventh 
thoracic segment fails to alter the threshold for pain, although only three of the 
original thirteen posterior roots, the fourth through the seventh thoracic, remain 
intact. Since transection of these posterior roots only is not associated with 
elevation of the threshold for pain, it is possible that certain peculiar circumstances 
may be attendant on a cliordotomy which is performed immediately caudad to the 
seventh thoracic segment. 

It is conceivable that these circumstances might lower the threshold for pain, 
by some mechanism local to the spinal cord, to such a degree that painful impulses, 
entering the spinal cord through the posterior roots of the fourth through the 
seventh thoracic spinal nerve, could reach the higher centers in sufficient numbers 
and strength to produce the sensation of pain when the stomach is distended to the 
level of its preoperative threshold for pain. We are unaware of any evidence in 
the literature or in the present studies which would prove this hypothesis, although 
the same general type of mechanism has been demonstrated by Dusser de Barenne.'*- 
This investigator showed that strychninization of a small portion of the posterior 
surface of one half of a segment of the spinal cord is followed by hyperesthesia in 
the entire dermatome supplied by the corresponding root. Furthermore, acute 
inflammatory states of the spinal cord, as might conceivably exist after cliordotomy, 
are generally recognized as producing hyperalgesic states. 

The weight of evidence shown by this investigation indicates that the afferent 
fibers which mediate the pain caused by distention of the stomach traverse the 
greater splanchnic nerve to the sympathetic trunk. These conclusions are in 
accord with the observations of Kappis^® Lebendenko and Brjussowa,^° Dusclil,-" 
Cannon-® and Alvarez.® From the sympathetic trunk it would appear that the 
afferent fibers enter the spinal cord over one main and two subsidiary routes. Tlie 
main route is via the rami communicantes and the posterior roots of the eighth 
through the thirteenth thoracic spinal nerve. Of the two subsidiary routes, the 
first, comprising the rami communicantes and the posterior roots of the fourth 
through the seventh thoracic spinal nerve, is probably of greater physiologic 
importance than is the second, consisting of the rami communicantes and tlie 
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posterior roots of tlie first through the third luml)ar spinal nerve. Our observa- 
tions relative to the entrance into the spinal cord of the sensory fibers from the 
greater splanchnic nen^e are not in agreement with the conclusions of Ross and 
of Ranson and Billingsley.®^ 

Experiments carried out during this study have shown that neither the phrenic 
nor the vagus nerve is conceimed with mediation of the pain which results from 
dilatation of the stomach in the dog. This conclusion agrees with the obseiwation 
of Langleyr® Kappis,®® Breslauer,® Lebendenko and Brjussowa,’® Duschl.®' 
Alvarez and Cannon.®® 

Davis and Pollock stated that bilateral transection of the intercostal nerves 
relieved some of the pain which resulted from experimental distention of the 
gallbladder. They concluded from this observation that referred pain was probably 
present. In contrast to their observation, it has been shown in the present study 
that bilateral transection of the lower seven intercostal nerv^es in the dog did not 
change the threshold for the pain which follows distention of the stomach. It 
is our conclusion, therefore, that pain referred to the sensory terminals of somatic 
peripheral neiwes does not exist in the dog after distention of the stomach. The 
absence of this type of pain seems even more likely since in no instance was it 
possible to discern areas of cutaneous hyperalgesia or of hypertonicity of somatic 
musculature after distention of the stomach. Furthermore, we were unable to ele- 
vate the threshold or abolish the pain following distention of the stomach by 
infiltrating the skin over the back and abdomen with procaine hydrochloride. 

Weiss and Davis expressed the belief that the intercostal nerves are of 
importance in the mediation of referred pain initiated by noxious stimulation of 
the viscera. These investigators studied the cutaneous areas to which pain was 
referred in 25 patients suffering from visceral disease; in addition, they studied 
normal persons in whom the esophagus and duodenum were distended with air- 
filled balloons. They reported that the sites of cutaneous pain could be aljolished 
by infiltrating the skin with procaine and that unless the original sites of cutaneous 
pain were localized distinctly, the painful areas tended to shift to neighboring 
regions when the original sites were anesthetized. The experiments reported in 
the present paper offer no evidence in support of this conception. 

According to Spameni and Lunedei afferent fibers from the viscera enter the 
spinal cord and terminate on centrifugal neurons, which leave the spinal cord 
by way of the anterior roots and terminate in the sensory corpuscles within the 
skin. Impulses carried to the sensoiy corpuscles by these centrifugal neurons are 
thought to excite neighboring somatic afferent fibers, which, in turn. con\^ey 
impulses to conscious levels, where they are interpreted as pain originating in the 
skin. Verger stated that afferent impulses from a stimulated viscus enter the 
spinal cord and terminate on certain sympathetic neurons, which were said to leave 
the spinal cord by way of the posterior roots and to terminate on the “cutaneous 
vascular bouquets.” Excitation of these particular sympathetic neurons supposedly 
modified the vascular bouquets in such a manner as to stimulate neighboring somatic 

43. Davis, L., and Pollock, L. J. : Visceral Pain, Surg., Gynec. & Obst. 55:418, 1932. 

44. Weiss, S., and Davis, D. : The Significance of Afferent Impulses from the Skin in 
the Mechanism of Pain: Skin Infiltration as a Useful Therapeutic Measure, Am. J. M. Sc. 
176:517, 1928. 

45. Spameni, P., and Lunedei, A.; Sui reflessi viscero-cutanei e sul mecanismo di pro- 
duzione del dolore nelle affezione dei visceri e delle sierose, Riv. di din. med. 28:758, 1927; 
cited by Pollock and Davis.^s 

46. Verger, H. : Sur une modification due scheme de Lemair pour la conception physio- 
logique de reflexe viscero-sensitif de Mackenzie, Gaz. hebd. d. sc. med. de Bordeaux 43:419, 
1927 : cited by Pollack and Davis.®® 
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afferent neurons. These fibers, in turn, conveyed impulses to conscious levels which 
were interpreted as pain which had arisen within the skin. Wernjjle'*^ reported 
that a wide variety of viscerocutaneous reflexes can be observed after stimulation 
of various parts of the gastrointestinal tract. The experiments reported in the pres- 
ent paper offer no evidence in support of the ideas presented by these workers. 

SUMMARY AND CONCLUSIONS 

In this study an effort was made to outline the neurologic pathway for mediation 
of the pain which follows distention of the stomach in the dog. One hundred and 
fifty-eight dogs of 10 to 15 pounds- (4.5 to 6.8 Kg.) in weight were employed. 

Pain was produced by distending the stomach with an air-filled balloon. A 
method for graphically recording a constant response to the painful stimulus is 
described. This objective sign of pain, a peculiar steplike type of expiration, was 
shown to be independent of the vagus and phrenic nerves and of the anterior roots 
of the thoracic and lumbar spinal nerves. It was concluded from these observations 
that the sign is not initiated h}^ stress or embarrassment of the mechanism for 
respiration. Evidence was presented that the sign was not dependent for its 
appearance on A^enous or arterial congestion of the stomach and that it did not 
iiwolve a spinal cord reflex. 

It was found that the respiratory index for pain in the dog on which no operation 
had been performed was evident when the intragastric pressure was elevated 
to 50 to 60 mm. of mercury. The threshold for this response remained constant for 
each animal which had not been operated on and did not change significantly after 
repeated inflations of the stomach for periods as long as seven months. 

The results of this investigation indicate that visceral afferent nerve fibers 
only are involved in the mediation of the pain which follows distention of the 
stomach in the dog and that they are contained within the greater splanchnic 
nerve. The majority of these fibers traverse the rami communicantes of the eighth 
through the thirteenth thoracic spinal nerve and enter the spinal cord through the 
corresponding posterior roots. Evidence was presented which indicates that some 
of these fibers traverse the sympathetic trunk as far cephalad as the fourth thoracic 
and as far caudad as the third lumbar sympathetic ganglion. These particular 
fibers undoubtedly enter the spinal cord over the rami communicantes and the 
corresponding posterior roots of the fourth through the seventh thoracic and the 
first through the third lumbar spinal nerve. 

We Avere unable to elevate the threshold or abolish the pain following distention 
of the stomach by infiltrating the skin over the back and abdomen with procaine 
or by performing bilateral transections of the lower seven intercostal nerves and 
of the anterior roots of the thoracic and lumbar spinal nerves. In no case were 
we able to discern areas of cutaneous hyperalgesia or of hypertonicity of somatic 
musculature following distention of the stomach. It is our conclusion, therefore, 
that pain referred to the sensory terminals of somatic peripheral nerves does not 
exist in the dog after distention of the stomach. 

Wayne University College of Medicine. 
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FORMATION OF DEMYELINATED PLAQUES ASSOCIATED 
WITH CEREBRAL FAT EMBOLISM IN MAN 

I. MARK SCHEINKER, M.D. 

CINCINNATI 

This presentation is concerned with a detailed histopathologic study of the 
cerebral lesions associated with fat embolism. Their analysis revealed certain 
similarities to the early focal lesions of demyclination occurring in cases of dis- 
seminated sclerosis. 

REPORT OP CASES 

Case 1. — History . — A 20 3 'ear old white man, a student, had been struck bj' an automobile 
one hour before admission to the hospital. Roentgen studies revealed comminuted fracture of 
the middle third of the left tibia and fibula. The previous historj’^ was normal. 

On the morning of admission (la. ni.) the patient was alert, and the results of phj’sical 
examination were normal except for fracture of the left leg. He failed to respond during 
early morning care, and an hour later he could not be aroused for breakfast. He never 
regained consciousness. Urinarj’^ and fecal incontinence was noted. The temperature was 
101.6 F., the pulse rate 100, the respiratorj' rate 26 and the blood pressure 114 systolic and 
90 diastolic. Supraorbital pressure failed to arouse him. The pupils were moderatelj’ contracted 
and responded slightly to light. There was spontaneous nystagmus. Examination of the 
ej'egrounds revealed no abnornialitj'. Both upper extremities were spastic, the left more 
so than the right. The achilles and patellar reflexes were more active on the right, and there 
was a Babinski response on that side. 

On the third daj' in the hospital a diffuse, petechial hemorrhagic rash developed in the 
skin over the axillas, chest, abdomen, flanks and groins. Cheyne-Stokes breathing was observed. 
The patient died on the fifth daj'. 

General Autopsy . — The skin of the entire body presented an enormous number of minute, 
punctate hemorrhagic lesions. Lesions of similar appearance were seen in the heart muscle, 
peritoneum, liver, spleen and kidneys. Gentle pressure on the cut surface of the lung caused 
a few small fat droplets to exude. Microscopic sections of the skin and of all the viscera 
prepared by the special technic with osmic acid and Sudan III showed capillaries plugged with 
fat droplets. The accumulations of fat were most abundant in the lung. 

Gross Examination of Brain . — Throughout the gross sections of the brain there were 
observed multiple pink points, ranging from the size of a pinpoint to 2 mm. in diameter. They 
were scattered throughout the white and the gray matter indiscriminately, though they were 
more prominent in the white (fig. 1). Inferiorly both caudate nuclei were softened; the 
area of this gross change measured 6 to 8 mm. in diameter. In the medial extent of the right 
caudate nucleus there was a hemorrhagic area, measuring 3 mm. in diameter. There were 
marked congestion of the blood vessels and some perivascular hemorrhage. 

Microscopic Study of Brain . — Sections from several cortical areas, the midbrain, the 
medulla and the cerebellum were stained with hematoxylin and eosin and cresjd violet and 
by the Loyez myelin sheath, the Bodian 1 per cent protargol (strong protein silver) and 
the scarlet red method. 

Hiistologic examination revealed two types of abnormalities, which were sometimes combined 
and sometimes observed separately. An interesting manifestation was the presence of cir- 
cumscribed, diffusely disseminated patches of demyelination, throughout the brain substance, 
most prominent in the subcortical areas. Analysis of the histologic structure of these lesipns 
revealed two distinct types i (ci) Circumscribed areas of focal necrosis characterized by 
complete cellular destruction, loss of myelin sheaths and nerve fibrils and rarefaction of the 
tissue. These areas of degeneration contained no cellular elements except a few histiocytes. 
There were no fat granule cells and no inflammatory reaction. The majority of these foci 
suggested a perivascular distribution. Usually they contained a central capillary plugged with 

From the Laboratory of Neuropathology, Cincinnati General Hospital, and the University 
of Cincinnati College of Medicine. 
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fat droplets (fig. 2). These lesions may be classified as an acute form of necrosis resulting 
from sudden interruption of the blood supply by the fat embolus, (b) Lesions characterized 
by destruction of myelin sheaths (figs. 3 and 4), partial preservation of axis-cylinders 
(fig. 5) and an early stage of repair, consisting of glial cell proliferation (fig. 7). 

Axonal changes are illustrated in figures 5 and 6. The neurofibrils were swollen and 
thickened, with irregular beading, and intensely stained. In the central part of the patch, 
which contained the more extensively deteriorated tissue, the nerve fibrils revealed more 
advanced lesions in the form of fragmentation and poor impregnation (fig. 5). Some nerve 
fibers were broken into granular debris or were undergoing vacuolation. This advanced altera- 



Fig. 1 (case 1). — Petechial hemorrhages scattered throughout the white and gray matter. 

tion of the ner\e fiber was observed only occasionallJ^ As a rule the axis-cylinders were 
preserved and showed a relative increase in size of either isolated axons or groups of axons 
unassociated with any other obvious change. The swollen fibers in transverse section appeared 
circular, granular or homogeneous (fig. 6) ; the outline of the large fibers was often 
irregular. 

Loyez and Spielmeyer myelin sheath preparations revealed complete disappearance or 
extensive degeneration of myelin in the majority of the patches (figs. 3 and 4). Occasionally 
a small number of m 3 'elin sheaths were preserved; they were irregular in outline and fre- 
quently w'ere broken up into globules. These areas of dem 3 'elination resembled the lesions 
in cases of multiple sclerosis which Spie 1 me 3 er described as shadow' patches (Mai'kschaf- 
tc'ihcrde). 
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A striking manifestation of the process was the presence of early stages of glial repair 
in some of the areas of clemyelination. The cell stain revealed the presence of compact 
accumulations of glia cells. These cells usually varied considerably in size and shape (fig. 7), 
With the Cajal gold chloride-mercury bichloride stain the majority showed the characterr 
istic structure of glia cells. There was a slight accumulation of microglia about the margin 
of some of the patches of demyelination. The nerve cells in some of the areas of demyelination 
were well preserved (fig. 7). A slight perivascular accumulation of round cells was present 
occasionally in the tissue surrounding the patches. 

The changes in the cerebral capillaries and their relationship to the disseminated focal 
lesions deserve special attention. Specific stains (scarlet red) revealed numerous' fat emboli 



Fig. 2 (case 1). — Demyelinated plaque, with a central capillary plugged with a fat embolus. 
Spielmeyer myelin sheath stain; X 100. 

in the majority of the capillaries situated in or about the patches of demyelination. Only 
occasionally were the latter avascular. It is likely that an associated blood vessel would 
have been found in each if serial sections had been made. 

What appeared to be small punctate hemorrhages to the naked eye were recognized as 
conglomerations of numerous ring hemorrhages with low power magnification. They pre- 
sented a clear, pale-stained center surrounded by a large ring of extravasated blood. The 
center usually contained a capillary plugged with fat (scarlet red) and surrounded by an 
area of necrotic tissue. These hemorrhages were probably due to obstruction of the lumens 
of the blood vessels by fat emboli ; in other words, they were hemorrhagic infarcts. 
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Case 2. — History. — A white man aged 62 was admitted to the hospital unconscious a 
few hours after he had been struck by an automobile. He had suffered compound fractures 
of the right tibia, the pelvis and the fourth and fifth fingers of the right hand. On the day 
of admission reduction and closure of the compound fractures of the tibia and amputation of 
the fifth finger were performed. After operation the patient was deeply cyanotic and 
gasping for breath. The respiratory rate hovered between 56 and 60 per minute. Roentgen 
ray examination of the cliest revealed elevation of the diaphragm on the left and evidence 
of bronchopneumonia on the riglit. In spite of oxygen therapy the cyanosis persisted. Tlie 



Fig. 3 (case 1). — Perivascular area of dcmyelination with partly preserved myelin sheatJis 
( myelin shadow” plaque). Spielmeyer myelin sheath stain; X 100. 

patient died forty-eight hours after admission. Clinically, the diagnosis of pulmonary or cerebral 
fat embolism was considered. 

General Autopsy. — Autopsy revealed a comminuted fracture of the lower third of the right 
hbia and compound fractures of the fourth and fifth fingers of the right hand. There were 
partial collapse and acute passive congestion of the lungs. 

Gross Study oj Brain. — ^The majority of the coronal sections of the brain revealed dis- 
seminated lesions similar to those described in case 1. In many of the sections there was 
pronounced congestion of the vessels, which were frequently surrounded by small jieri- 
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vascular hemorrhages. The rostral sections of the brain stem and cerebellum contained 
diffusely scattered, pinpoint, pinkish spots of discobjration. 

Microscopic Study of Brain . — Sections from the frontal, parietal, temporal and occipital 
lobes of both hemispheres and from the basal ganglia, the brain stem and the cerebellum were 
stained with hematoxylin and eosin and cresyl violet and by the Loyez, Spielmeyer, Bodian 
and scarlet red methods. Microscopic examination revealed disseminated areas of demyelina- 
tion and the presence of small hemorrhages similar to those described in case 1. A detailed 
description will therefore be omitted, though, again, attention should be drawn to their 
similarity to focal lesions observed in cases of acute multiple sclerosis. 



Fig. 4 (case 1). — Demyclinated plaque with preservation of numerous beaded and thinned 
myelin sheaths. Spielme 3 "er m 3 'elin sheath stain; X 100. 

Myelin sheath preparations revealed diffusely scattered, circumscribed areas of focal 
demyelination throughout the brain substance, most prominent in subcortical areas. They 
usually contained no cellular elements except for a few glial nuclei. The majority of the 
patches of demyelination appeared to be perivascular (fig. 8). They showed a central capillary 
completely occluded by fat globules. These circumscribed lesions appeared to be of different 
ages, the myelin being completely removed in some sections while in others swollen and 
fragmented myelin sheaths were still present. Bodian protargol preparations revealed partial 
preservation of the neurofibrils, although to a lesser degree than in case 1. Many of the 
remaining fibrils appeared swollen. Some of the lesions were devoid of cellular elements, 
representing complete degeneration and necrosis of all nerve elements. Here the tissue was 
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meshlike, and there was no proliferation of glia or capillaries. The latter lesions had all the 
characteristics of miliary, anemic infarcts. 

Sections stained with scarlet red demonstrated the presence of fatty emboli in the capillaries 
and small veins. These oval globules sometimes occupied the entire lumen of the vessel. 
The fat emboli were most numerous within the areas of demyelination. 

In addition to the disseminated patches of dem 3 '^elination, the cerebral tissue showed two 
types of diffusely scattered punctate hemorrhages^ the so-called ring hemorrhage and the 
perivascular hemorrhage. The ring hemorrhage usually’’ consisted of a central capillary plugged 
with fat and surrounded by a small area of degenerated tissue, around which there was a 



Fig. 5 (case 1). — Irregular swelling of axis-cylinders at the periphery of a plaque, with 
poor impregnation and fragmentation of the nerve fibrils in the center of the lesion. Bodian 
silver impregnation; X 122. 


large ring of red blood cells (fig. 9). The second type, the so-called perivascular hemorrhage, 
consisted of small arterioles and capillaries engorged with blood and surrounded bj’ large 
masses of red blood cells limited to the distended perivascular spaces, some of which had been 
so distended that rupture and extravasation of red blood cells into the surrounding brain 
parenchj'ma had occurred. There was no indication of inflammatory reaction. The vessel 
walls exhibited no structural change. 

Sinnmary of Pathologic Changes . — It appears that the most constant and 
uniform pathologic change in the brain associated with fat embolism consists of 
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scattered, circumscribed areas of demyelination and neci'osis. The focal areas 
of degeneration were of different ages and different structure. 

Three types of focal lesions have been described: (1) Circumscribed areas of 
necrosis characterized by complete cellular destruction and loss of myelin sheaths 
and nerve fibrils, associated with rarefaction of the tissue. These areas usually 
contained a central capillary completely occluded by a fat embolus. (2) Lesions 
characterized by partial preservation of the nerve parenchyma and early signs of 



Fig. 6 (case 1). — Enormously swollen axis-cylinders in transverse section. Bodian silver 
impregnation; X 122. 


glial repair. These areas were similar to the early lesions of multiple sclerosis.^ 
(3) So-called ring hemorrhages, consisting of a central capillaiy phigg'^d with 
fat and surrounded by an area of necrotic tissue and a large ring of red blood 
cells. The last lesion is among the most common changes associated with ceiebral 
fat embolism and may be considered as a minute hemorrhagic infarct. 

1. Sclieinker, I. M. : Histogenesis of the Early Lesions of Multiple Sclerosis^ I. Sig- 
nificance of Vascular Changes, Arch. Neurol. & Psychiat. 49:178-185 (Feb.) 194o. 
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COMMENT 

The three types of focal lesions have in common alteration of the blood supply 
by the embolic occlusion of the capillaries. Their differences might be explained 
by variation in the rapidity and completeness of the occlusion, by the nature and 
size of the occluded blood vessel and by the “local factor” (Spielmeyer). It seems 
proper to assume that the degree of tissue damage ma}^ be dependent on the degree 
of focal cerebral hypoxia resulting from the circulatory disturbance. Whereas 



Fig. 7 (case 1). — Beginning of glial repair in the form of proliferation of glia cells. Note 
the preservation of cells of the basal ganglia. Cresyl violet; X 100. 

the devastating lesions might be interpreted as acute tissue destruction due to a 
sudden and complete interruption of the blood suppl}'' by the fat embolus, lesions 
of lesser severity may be due to slower development of, or less complete, circulatory 
embarrassment. Whereas with severe hypoxia the glia perishes together with the 
nerve parenchyma, in milder states of h5'-poxia there occurs relatively mild destruc- 
tion of tissue limited particularly to the myelin sheatlis. The nerve parencli3mia 
and the supportive glia are parth”^ preserved. The glia, though affected, is capable 
of proliferation, producing changes similar to those of the “early” lesions of dis- 
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seminated sclerosis^ If the morbid process were prolonged by survival of the 
patient, the glial proliferation probably would be replaced by proliferation of glial 
fibrils, and a true “sclerosis” would result. 

Relatively few areas of tissue destruction were present in the cortex, though 
it contained many areas in which fat emboli were present. Probably the capillary 
anastomoses are so extensive that the nutrition of the tissue was only slightly 
impaired, if at all. In the white matter, where the capillary network is not so 



Fig. 8 (case 2). — Perivascular patches of demyelination with central capillaries. Spiel- 
meyer myelin sheath stain ; X 100. 

extensive, the tissue damage was more severe and the number of necrotic areas 
more numerous. 

Considerable difference of opinion exists as to the origin of ring hemorrhages. 
Frauendorfer - attributed the hemorrhage to rhexis of the blood vessel wall because 
of pressure from the embolus. Vance® and Winkelman ^ expressed the opinion 
that the ring hemorrhage represented a microscopic hemorrhagic infarct. 

2. Frauendorfer, O. ; Ueber Fettembolie, Beitr. z. gcrichtl. Med. 6:1, 1924. 
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It is surprising that in spite of the existence of a voluminous literature dealing 
with fat embolism (there are over five hundred references at present) the changes 
in the nervous system seldom have been described in detail. An adequate review 
of the literature on fat embolism has been made by AVinkelman."^ In his own 
cases Winkelman described the presence of two types of lesions, the ring hemor- 
rhage and the small areas of necrosis termed ‘'rarefied areas.” He noted in some 
areas of necrosis “repair by gliosis and vascularization.” His figure 8 illustrates 



Fig. 9 (case 2). — Ring hemorrhages with central capillaries. Hematoxylin and eosin 
stain; x 100. 

beautifully beginning sclerosis around an occluded l)lood vessel. Vance,^ in his 
description of the earl}' stage of the necrotic areas, mentioned the “preservation 
of the axis cylinders . . . Later the process of repair sets in and glial cells 
tend to fill in the spaces.” 

3. Vance, B. M.: The Significance of Fat Embolism, Arch. Surg. 23:426-465 (Sept.) 
1 , 

A'inkelman, N.: Cerebral Fat Embolism, Arch. Neurol. & Psvchiat. 47:57-76 (Jan.) 

1942. 
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SUMMARY 

In a clinical and pathologic consideration of cerebral fat embolism, emphasis 
is placed on the diffusely scattered patches of demyelination, which are considered 
to be a constant and striking histopathologic feature of the disease. 

The lesions of cerebral fat embolism are of two varieties: (a) miliary anemic 
infarcts, which result in focal areas of necrosis (destruction of all tissue elements), 
and (b) focal areas of demyelination with partial preservation of the nerve 
parenchyma (nerve cells and nerve fibrils) and early signs of glial repair. 

The lesions of cerebral fat embolism are considered to he similar to the early 
lesions of multiple sclerosis. 

Cincinnati General Hospital. 



OCCLUSION OF THE ANTERIOR INFERIOR CEREBELLAR 

ARTERY 

RAYMOND D. ADAI^IS, M.D. 

BOSTON 

The clinical picture which follows occlusion of the anterior inferior cerebellar 
artery is probably the least known of an)’^ of the cerebellar artery syndromes. To 
my knowledge only 1 such case has been reported, that of Goodhart and Davison.^ 
Therefore, it seems worth while to record permanently the following case because 
of the clarity of the symptoms and the precise anatomic localization of the lesion, 

ANTERIOR INTERIOR CEREBELLAR ARTERY (MIDDLE CEREBELLAR ARTERY ) 

This is probably the most variable of the cerebellar arteries. It usuall}' 
originates as a branch of the basilar artery about 1 cm. above the junction of the 
two vertebral arteries, but it may arise either from the vertebral or from the basilar 
artery by a common trunk with the posterior inferior cerebellar artery. The course 
of the artery is obliquely backward and downward beneath the seventh and eighth 
cranial nerves and the flocculus of the cerebellum, where it divides into many 
branches which supply the anterior and inferior surfaces of the eerebellum. As it 
traverses the restiform body, the middle cerebellar peduncle and the flocculus, it 
supplies small branches to these structures. The lateral part of the biventral lobule, 
the ftocculus and the inferior and superior semilunar lobules of tlie cerebellum thus 
receive their blood supply from this source. There are abundant anastomoses with 
the posterior inferior and superior cerebellar arteries. 

REPORT OF A CASE 

History . — One morning, soon after arising, tlie patient, a man aged 48, suddenly experienced 
dizziness, as if the room were turning from the right to the left. After this he had tinnitis, 
nausea and vomiting, and about two hours later he noticed that the right side of his face was 
paralyzed, so that he could not close his right eye or speak distinctly. He remained in bed 
during the next seven days because of weakness, dyspnea and slight dizziness. Then, after much 
persuasion, he agreed to enter the hospital. 

At the age of 8 years the patient had had an “abscess of the spine,” which left him with 
a crooked back and deformity of the chest. For the past two or three years he had been 
unable to work because of headaches, weakness and dyspnea, which were ascribed to high 
blood pressure. 

Examination . — On admission the temperature was 98.6 F., the pulse rate 100, the respiratory 
rate 28 and the blood pressure 230 S 3 "stolic and 150 diastolic. The patient was lethargic and 
irritable and was moderately confused. There was thoracic kj^phoscoliosis, which made 
examination of the chest difficult. The heart was enlarged to the left ; the cardiac rhjdhm was 
normal, and the aortic second sound was accentuated. There were moist rales throughout 
both pulmonary fields. The right pupil was 2 mm. in diameter and the left one 3.5 mm. ; both 
reacted well to light and in accommodation and convergence. There were ptosis of the right 
eyelid and slight enophthalmos of the right e 3 'c. The retinal arteries were sclerotic and the 
optic disks slightly blurred. Visual acuit 3 ’- and the visual fields were normal, and extraocular 
movements were well performed. The right side of the face, including the orbicularis oculi and 
frontalis muscles, was completeb’- paralyzed. On the right side there was complete nerve 
deafness and on the left side slight impairment of auditor 3 ’' acuit 3 \ Well sustained nystagmu.s 

From the Department of Neurology, Harvard Medical School, and the Neurological Unit. 
Boston City 'Hospital. 

1. Goodhart, S. P., and Davison. C. : Posterior Inferior and Anterior Inferior Cerebellar 
Arteries, Arch. Neurol. & Ps 3 xhiat. 35:501 (March) 1936. 
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appeared on both right and left lateral gaze and left rotary nystagmus on upward gaze. Pain 
and temperature sensations over the right side of the face were greatly impaired, and over the 
right cheek there was also slight impairment of light touch sensation. The right corneal reflex 
was hypoactive. Speech was somewhat indistinct, but no dysphonia or dysphagia was noted. 
There was cerebellar ataxia in the use of the right arm and leg. Afovements were slow and 
awkwardly executed; in performing the finger to nose and heel ^ to knee tests there were 
dysmetria and intention tremor. The right arm was hypotonic, and Holmes’s rebound sign 
was elicited. Gait and station could not be tested. Pain sensation was inconstantly diminished 
over the left side of the neck and left upper extremity, but not definitely so over the rest of 
the body. Muscles were equally strong on the two sides of the body. Tendon reflexes were 
equally active, and plantar responses were bilaterallj^ flexor. 

Laboratory Data . — Urinalysis revealed a 1 plus reaetion for albumin, a specific gravity 
of 1.012 and an occasional granular cast in the sediment, but no red or white blood cells. The 
white blood cell count was 18,200. The electrocardiogram showed ectopic auricular rhythm 



Fig. 1. — Photograph of the brain, showing {A) the right superior cerebellar artery, (P) the 
right anterior inferior artery and (C) the right posterior inferior artery. The dotted area 
includes the zone of recent infarction. 

and left axis deviation. The cerebrospinal fluid showed an initial pressure of 170 mm., 122 mg. 
of protein per hundred cubic centimeters, 6 lymphocytes per cubic millimeter and negative 
Wassermann and Hinton reactions. ^ 

Course . — Despite treatment for congestive heart failure, the patient failed to improve. In 
tlie succeeding days he became more inattentive, confused and disoriented. The neurologic 
examination was repeated several times, with about the s'pme results as those ah'eady recorded. 
During the fourth week of the illness the patient’s temperature rose to 101 F., and signs of 
pulmonary congestion appeared. He died two days later, on the twenty-fifth day of the illness. 

Anatomic Diagnosis . — The anatomic diagnosis referable to the brain was cerebral arterio- 
sclerosis and encephalomalacia ; thrombosis of the right anterior inferior cerebellar artery, with 
infarction of the lateral part of the medulla oblongata and cerebellum ; thrombosis Of the lateral 
branch of the left posterior inferior cerebellar artery, with infarction of the cerebellum, and 
multiple small softenings in the basis pontis, the midbrain and the lenticular nuclei. 
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Other conditions were; arteriosclerotic and hypertensive heart disease, healed bilateral 
pyelonephritis, benign prostatic hypertrophy and tuberculous spondylitis (?). 

Gross Pathologic Changes. — The vertebral, basilar, cerebellar^ and cerebral arteries were 
the seat of marked atheromatous change. There was an anomaly of the circle of Willis; the 
left posterior cerebral artery arose from the internal carotid artery and the right posterior 
cerebral artery from the basilar artery. The right anterior inferior cerebellar artery was 
completely occluded by an atheromatous plaque at the point of its origin from the basilar artery. 
The lateral branch of the left posterior inferior cerebellar artery was also occluded. The right 
flocculus and the biventral and superior and inferior semijiunar lobules of the cerebellum were 
softened. The restiform body and brachium pontis on the right side felt less firm than those 
on the left. On the inferior surface of the left cerebellar hemisphere, involving chiefly the 
inferior semilunar lobule, was a triangular depression, 2 cm. in its widest portion and 0.5 cm. 
deep, where the cerebellar cortex and the subcortical white matter had I)een destroyed (fig. 1 ). 

' Section of the brain, after fixation in formaldehyde, showed a well demarcated area 
of recent softening in the right side of the cerebellum and bulb. In addition several small 
cystic defects, all less than 0.5 cm. in diameter, were observed in the right centrum semi- 
ovale, the anterior limb of the right internal capsule and the basis pontis on the right side. 



Fig. 2. — ^Lower pontile level. 


Microscopic Pathologic Changes. — The medulla, pons and cerebellum were sectioned serially 
and stained by the Weil and Nissl methods. 

Level of the Midpons ; This region appeared to be the highest level of the infarction. The 
area of necrosis was small and involved only part of the brachium pontis and some of the fibers 
of the right trigeminal nerve. 

Level of the Nucleus of the Sixth Nerve: The right middle cerebellar peduncle, including 
le region of the restiform body, the spinal nucleus and tract of the right trigeminal nerve 
and the lateral portion of the right lateral vestibular nucleus were destroyed. In the nucleus 
0 the right seventh nerve there was “axonal reaction” of the nerve cells, and a similar reaction 
was observed in the left pontile nuclei. A few of the folia of the cerebellar cortex adjacent to 
the pons were necrotic (fig. 2). 

Level of Junction of Pons and Medulla; The right eighth nerve, the ventral and dorsal 
of th spinal nucleus and tract of the right trigeminal nerve, the lateral portion 

e right spinal vestibular nucleus and the restiform body were all degenerated. The lesion 
a so involved the ventral spinocerebellar tract. 

Level of Midolivary Region ; The lateral portion of the medulla oblongata, including the 
1 ers of the ninth and tenth nerves and the nucleus ambiguus, was intact. The only lesion at 
ni'^1 situated in the right restiform bod 3 % The nerve cells in the left inferior olivary 

1C eus were undergoing “axonal reaction” • manv of the cells had disappeared and were replaced 
'w foci of glia cells. 
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Level of Inferior Pole of Olive: Except for descending degeneration of tlie spinal tract of 
the right fifth nerve, there were no definite lesions of this level (fig. 4). 

There was an advanced degree of hyperplastic arteriolosclerosis and atherosclerosis of the 
larger arteries. 7'he areas of necrosis were replaced by microglial phagocytes, and in the 
adjacent tissues astrocytes were increased in number and size. 



Fig. 3. — Upper bulbar level. 



Fig. 4. — Midolivary level. 

COMMENT 

The clinicoanatomic correlation in this case is too obvious to require detailed 
comment. Suffice it to mention that the palsies of the seventh and eighth cranial 
nerves are the result of involvement of the respective nuclei and their nerves: the 
vertigo, nausea and vomiting and nystagmus are ascribed to lesions of the vestibular 
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nuclei and their connections with the nuclei of the vagus and oculomotor nerves; 
ipsilateral loss of pain and temperature sensation and corneal hypesthesia are 
caused by interruption of the spinal tract and nucleus of the trigeminal nerve, and 
the hypesthesia over the cheek is best explained by the involvement of some of 
the entering fibers of the trigeminal nerve. The absence of complete contralateral 
hypalgesia and thermohypesthesia is due to the extreme lateral and posterior 
position of the lesion, which spared most of the lateral spinothalamic tract. 
Horner’s syndrome was related to the interruption of pupillodilator fibers, which 
are known to descend ipsilaterally from the hypothalamus and to converge in the 
lateral portion of the pons and medulla before continuing downward to connect 
with the sympathetic motor cells in the upper thoracic region. 


Syndromes Resulting from Occlusion of the Cerebellar Arteries 


Artery 

Structures Supplied 

Clinical Signs 

Superior eerebellar 

Brain stem 

Brachium conjunctivum 

Bracliium pontis, upper portion 

Tegmentum of pons, lateral portion 

Cerebellum 

Anterior and posterior quadrangular 
lobules 

Superior semilunar lobule, anterior 
part 

Superior vermis 

Dentate, emboliform, globose and 
fastigial nuclei 

Homolateral 

Cerebellar asynergia 

Involuntary choreiform movements 
Homer’s syndrome 

Contralateral 

Loss of pain and temperature senses 
over face and body 

Sometimes partial deafness 

Sometimes weakness of face of central 
type 

Anterior inferior 
cerebellar 

Brain stem 

Braebium pontis, lover portion 
Restiform body 

Lateral tegmentum of upper part of 
medulla and lower portion of pons 

Cerebellum 

Plocculus 

Biventral lobules, lateral portion 
Superior and inferior semilunar 
lobules 

Homolatcral 

Cerebellar asynergia 

Horner’s syndrome 

Deafness 

Complete paralysis of face 

Loss of pain and temperature senses 
over face 

Diminished light touch sense over face 
Contralateral 

Incomplete loss of pain and temperature 
senses over body 

Posterior inferior 
cerebellar 

Brain stem 

Restiform body 

Lateral tegmentum of medulla 
Cerebellum 

Biventral lobule, medial part 

Tonsil 

Inferior vermis 

Part of inferior semilunar lobule 

Homolateral 
• Cerebellar asynergia 

Homer’s syndrome 

Loss of pain and temperature senses 
over face 

Dysphagia and dysphonla 

Contralateral 

Loss of pain and temperature senses 
over body 


The signs of cerebellar ataxia cannot be assigned to a lesion of a single structure 
in the brain stem because, as is often the case in the other cerebellar artery 
syndromes, more than one cerebellar peduncle was involved, the inferior and the- 
middle. Thus there was interfererice with both the spinocerebellar and the ponto- 
cerebellar system, to either of which the asynergia may have been due. 

The same principles of diagnosis, so well known for the other vascular syn- 
dromes of the brain stem and cerebellum, seem to apply in cases of occlusion of the 
anterior inferior cerebellar artery. The onset of the disorder is usually sudden, 
with or without premonitory symptoms, and usually is unaccompanied b}’’ any loss 
of consciousness. Vertigo is the first and most important symptom and is often 
associated with nausea and vomiting. The other symptoms of facial paralysis, 
deafness, sensory disturbance and cerebellar asynergia appear in a few hours but 
may not all attract the attention of an unobservant patient. The diagnosis is at 
once obvious because of the association of signs of ipsilateral involvement of the 
cranial nerves and cerebellum. The clinical course is one of gradual improvement 
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over a variable period, and rarely is the condition fatal except as it provokes other 
complications, such as bronchopneumonia, or is part of extensive hypertensive 
vascular and renal disease. Notable by their absence are all signs pointing to 
involvement of the corticospinal tracts and medial lemnisci, which receive their 
blood supply from midline tributaries of the vertebral and basilar arteries. 

As far as can be ascertained, the symptoms are related chiefly to softening of 
the lateral portions of the brain stem and cerebellar peduncles rather than to 
involvement of the cerebellar hemisphere. When an infarct is limited to the 
cerebellar hemisphere, vertigo may be the only clinical manifestation, or such 
a lesion may pass unnoticed and be unexpectedly discovered at autops3^ 

The diflferential diagnosis of syndromes due to occlusion of the superior, the 
anterior inferior and the posterior inferior cerebellar arter)"- is presented in the table. 

Considering the variability of the arterial supply to the brain stem, it cannot be 
assumed with certainty that all syndromes caused by occlusion of the anterior 
inferior cerebellar artery will be identical with that in this case, but it is instructive 
to compare it with the syndromes in other cases. Unfortunately, Davison and 
Goodhart’s case contributes little to knowledge of the s3'ndrome because the arterial 
occlusion was incomplete and the softening limited to the cerebellum. It is to be 
noted that the cranial nerve signs distinguish between the anterior inferior and the 
posterior inferior cerebellar artery syndrome and that the extent of the sensory 
disturbance and the presence of homolateral choreiform movements characterize 
the superior cerebellar artery syndrome. 

SUMMARY 

The clinical and pathologic observations in a case of thrombosis of the anterior 
inferior cerebellar artery are presented. This syndrome is distinct from that which 
follows thrombosis of the posterior inferior and superior cerebellar arteries. Partial 
occlusion of the anterior inferior cerebellar artery is undoubtedly more common 
than has been believed, and it is expected that some of the distinctive features of 
this syndrome will permit their identification. 

Neurological Unit, Boston City Hospital. 



News and Comment 


SCHOOL OF MILITARY NEUROPSYCHIATRY 

The neurops^xhiatric branch of the Surgeon General’s Office announces the opening of the 
School of Miiitarj" Neuropsychiatry at the Lawson General Hospital, Atlanta, Ga. The clinical 
and administrative practice of military neuropsychiatry presents many new and difficult 
problems to the newly commissioned neuropsychiatrist. The civilian professional experience of 
neuropsychiatrists varies considerably — i. e., psychoanalysis, neurology, state hospital psychiatry, 
prison psychiatry and child guidance — but on entering the Army thej"^ are faced with common 
problems, such as the selection and detection of mental misfits, the necessity for short periods 
of observation, puzzling and bizarre clinical manifestations peculiar to the military service and 
the administrative machinery set up to provide for the disposition of neuropsychiatric cases. 
It has been necessary, therefore, to provide some means whereby the practice of neuropsychiatry 
in the Army could be made more standard and uniform, to provide the individual officer with 
an opportunity to review subjects which he did not require in civilian life and to introduce him 
to the various administrative procedures which will bewilder him if no assistance is provided. 

In recognition of these difficulties and to prepare the officer better for the handling of combat 
casualties, the School of Military Neuropsychiatry, which is unique in Armj”^ histor 3 ' and has 
already gained international attention, was developed, with the active interest and support of 
Major Gen. James C. Magee, the Surgeon General, and Brig. Gen. Charles C. Hillman, Chief of 
Professional Services, Office of the Surgeon General, to provide practical instruction for 
already trained and qualified specialists. Brig. Gen. William L. Sheep, Commanding General 
of Lawson General Hospital, a well known military neuropsychiatrist, is Commandant; the 
Assistant Commandant is Col. William C. Porter, also a prominent military neuropsychiatrist, 
who is in direct charge of the school. Colonel Porter teaches the military aspects of neuro- 
psj’-'chiatry, on the basis of his broad experience. Dynamic psychiatry, from a military point 
of view, is taught by Lieut. Col. M. Ralph Kaufman, and psychiatry from an organic point 
of view is taught by Major Joseph L. Fetterman. Neurology is taught by Major William 
H. Everts. Lectures on other related subjects are given by specially selected officers, while 
certain members of the class relate special experiences, such as neuropsychiatry in the Air 
Corps, Tank Destroyer, Ranger and other special training camps. While these subjects are 
covered by some didactic lectures, much time is devoted to seminars and round table con- 
ferences. Clinical material of a type obtainable only in Army hospitals is provided, since 
experience has shown that the best method of teaching military neuropsychiatry is by constant 
reference to and the use of military casualties. In this manner the military administrative 
considerations which have presented, or may present, difficulties are thoroughly discussed. 
Thus the various aspects of military neuropsychiatry which confront the new officer and 
present difficulties to the older officers are well coordinated by excellent and experienced 
teachers. The advantages of mutual exchanges of experiences and opinions in the interest 
of uniformity and professional progress cannot be overestimated. 

The quota of officers selected for each intensive four weeks’ course, which began Jan. 2, 
1943, includes officers from each service command and from the Air Corps, together with newly 
commissioned officers from training pools in general hospitals. In this manner, new officers 
have the advantage of the experience of older officers, and the older officers have, in turn, 
the opportunity of evaluating their experiences and methods in the light of experiences and 
methods of others. Here is demonstrated' the adaptation of clinical teaching, the bedside 
method, to the field of military neuropsychiatry. 

THE MEDICAL CORRECTIONAL ASSOCIATION 

The Medical Correctional Association, an affiliate of the American Prison Association, is 
interested in establishing contact with all professional personnel who are specially concerned 
with or interested in the medical aspect of crime. Membership in this association is confined 
to the following groups; 

(1) Physicians emploj^ed in penal and correctional institutions or jails; (2) physicians, social 
welfare workers and special workers who engage in medical research work in penal and 
correctional institutions or jails; (3) psychologists, physicians, social welfare workers and 
special workers engaged in medical research work in connection with (a) institutions or 
hospitals for the mentally ill, (fi) mentally defective persons, (c) juvenile delinquents, (d) 
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defective delinquents, (c) outpatient or behavior clinics dealing with any aspect of crime or 
its prevention, (/) criminal, juvenile and domestic relations courts, (g) parole, (h) probation, 
(j) public and private schools, colleges and universities and (;) federal, state, county and 
municipal public health organizations ; (4) any other person who, while not automatically falling 
in any one of the three aforementioned groups, presents satisfactory evidence that he or she is 
engaged in research or an occupation in which the medical aspects of crime are acknowledged 
as important features. 

The annual dues of the association arc §1, and their payment entitles the member to vote 
in the elections, to present papers before the open meeting of the association and to receive 
copies of the minutes, by-laws and abstracts of papers which have been presented at the annual 
meeting. 

The present officers of the Medical Correctional Association are: president. Dr. J. D. 
Reichard, United States Public Health Service Hospital, Lexington, Ky. ; first vice president, 
Dr. John W. Cronin, United States Public Health Service Hospital, Sheepshead Bay, N. Y. ; 
second vice president. Dr. Lawrence Kolb, Assistant Surgeon General, Washington, D. C.; 
secretary-treasurer. Dr. Robert M. Lindner, Federal Penitentiary, Lewisburg, Pa. 
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NEW YORK NEUROLOGICAL SOCIETY AND NEW YORK 

ACADEMY OF MEDICINE, SECTION OF 

NEUROLOGY AND PSYCHIATRY 

George A. Blakeslee, M.D. 

President, Nezv York Neurological Society, in the Chair 

Joint Meeting, Oct. 6, 1942 

Presidential Address: Neuropsychiatry in Wartime. Dr. George A. Blakeslee. 

This address was published in full in the December 1942 issue of the Bulletin of the Nezv 
York Academy of Medicine, page 775. 

Early Laminectomy for Injury of the Spinal Cord. Dr. Foster Kennedy, Dr. Peter G. 

Denker and (by invitation) Dr. Raymond L. Osborne. 

The controversy over whether laminectomy should be performed more frequently in cases 
of injury to the spinal cord is reviewed, and a study of the literature is presented. There has 
been a pendulum-like swing from conservatism to radicalism and back to conservatism again. 
At present most neurosurgeons seem to be excessively conservative in the treatment of this 
condition. Five illustrative cases in our experience at the Bellevue Hospital are presented. In 
all these cases severe injury to the cord had been sustained, and, because of the apparent hope- 
lessness of the situation, the neurosurgeons were reluctant to operate. However, they were 
finally persuaded to perform laminectomy, since we felt that nothing was to be lost, and 
possibly something might be gained, by such a procedure. In all these cases definite lesions 
were encountered, which were helped by the surgical intervention. Scarring, fractures of 
laminas which did not appear in the roentgenogram, spicules of bone within the substance of 
the cord and other lesions were discovered when the cord was exposed; so it was felt that 
operation had really contributed a great deal to recovery in these cases. W e therefore advocate 
more frequent laminectomy in cases of injury to the spinal cord, for the following reasons : 

1. It is impossible to determine from neurologic examination at the time of the accident 
whether the cord has been completely severed or whether function has been physiologically 
interrupted. 

2. Roentgenograms of the spine are by no means conclusive as to the presence of fracture 
of the laminas ; on the other hand, spicules of bone may be pressing on the cord without 
appearing on the roentgenogram. 

3. In the presence of manometric block, laminectomy should always be performed, regardless 
of whether it is felt that the injury to the cord is complete or not. 

4. The operative mortality associated with laminectomy is so low that it should not be a 
factor in decision to operate. The operation is much less dangerous than is a diagnostic 
laparotomy. 

5. No statistically followed series of cases has yet been reported in which treatment with 
laminectomy was employed in alternate cases. Such a study is advocated to decide the merits 
of this operation. 

fi-.When operation is decided on, laminectom 3 ' should be performed earlj', since a case 
ot injury to the spinal cord is a surgical emergenej’’, and a delaj' of two to si.x weeks for 
spinal shock” to subside is a needless waste of time. 

This article was published in the April 1943 issue of the American Journal of Surgery. 

DISCUSSION 

Dr. Joseph E. J. King: There are probably two tj'pes of injury to the spinal cord for which 
one can decide to operate almost immediatelj', even without roentgenographic examination : 
first, a condition in which paraplegia has been produced by a direct blow on the back, directly 
over the spinous processes, such as a blow with a hammer, a fallen stone, a large shell 
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fragment, a piece of concrete, or a blackjack. The trauma to the cord, most likely, is due 
to crushing of the spinous processes and laminas, so that these bony structures impinge 
directly on the cord. It goes without saying that immediate operation is indicated. Second, 
gunshot wounds and stab wounds of the back producing paraplegia. In some cases of such 
injur}' rapid recovery may take place, but in many no improvement will occur, especially when 
the injury is produced by high velocity missiles. In a few cases observed during the first 
World War complete clinical division of the cord was produced by the rotary motion of 
such missiles, which merely went through the soft parts without touching the cord or even 
injuring the vertebral column. In other cases of gunshot and stab wounds the cord may be 
completely divided. Nevertheless, one is justified in making earl}' e.vploration in the hope that 
only a lesser injury of the cord may be encountered. 

The first laminectomy I ever witnessed was done by Dr. William A. Downes at the 
General Memorial Hospital in the summer of 1911. A well developed girl about 13 years 
of age had received a bullet wound in the back at about the level of the sixth dorsal segment. 
She was brought to the hospital completely paralyzed below that level. Dr. Downes observed 
that the .22 caliber bullet had passed through the dura in the midline and that the distal 
end of the bullet just protruded through the dura into the posterior longitudinal fissure, 
so that it had separated the posterior column, almost as though with a pair of blunt forceps. 
In February 1912 a photograph was received from the girl, in Canada, which showed her 
playing and tlirowing snowballs in the snow. She had completely recovered. Had the bullet 
not been removed, she might not have lived, and had operation not been done immediately, 
I think she would have been paraplegic, at least for a long time. 

Most of the injuries to the spinal cord of the other type are associated with fracture or 
fracture-dislocation of the spine. As Dr. Kennedy stated in his paper, cases of fracture- 
dislocation in the cervical region are excluded, which leaves a rather large number involving 
the dorsal and lumbar regions of the spine. As Dr. Kennedy mentioned, neurosurgeons have 
been hesitant to perform early operation in cases of such injury — I believe for good reasons. 
Ordinarily the surgeon is ever ready to operate when he feels that any good will come of it. 
The reluctance to operate early is derived from cxperiencO of years, in which in a number 
of cases the cord has been found to be completely dissolved and the procedure useless. 
On the other hand, many patients have completely recovered, or improved to a considerable 
degree, without operation, provided tlie deformity was corrected. 

I remember a patient whom Dr. Kennedy saw, a woman about 79 years of age. The 
automobile in whicli she was riding ran off the road and struck a tree, and she was thrown 
forward, receiving a horseshoershaped laceration of the scalp, which amounted to a partial 
avulsion. She had complete quadriplegia. She was brought to Lawrence Hospital, Bronx- 

ville, N. Y. One- neurosurgeon wanted to operate, although roentgenograms showed no 

deformity of the cervical portion of the spine. The son of the patient, who was a surgeon, 
and Dr. Kennedy objected. No operation was performed. The patient was turned in bed, 
like a duck on a spit, and was catheterized by her son twice a day. After a while she 
began to move her arms, and finally the quadriplegia completely disappeared, with the excep- 
tion of a slight residual paresis in the ulnar region of the left hand. I visited her in her 
home, and to all intents and purposes she had made a complete recovery. 

Then in 1918, during the first World War, I saw a soldier who had been playing foot- 

ball; in making a flying tackle, which was allowed in those days, he was injured. The 
neurologists and surgeons did not think he should be operated on. There was no complete 
block. He recovered rather promptly and within three months was out of the hospital, 
walking about as well as ever. The level of his injury was about the eleventh dorsal 
segment. 

These 2 cases represent what every neurosurgeon has seen, some rather frequently. On 
the other hand, all have seen instances in which the cord was completely divided, or if not, 
was so attenuated that it looked like two pencil points placed together, so that anatomic 
division had practically resulted. In view of these facts, the surgeons have shied away for 
the most part from immediate operation and prefer to effect correction of the deformity 
and wait, in most instances, for improvement. 

A number of years ago Dr. Alfred S. Taylor and Dr. Claude Coleman told me that 
indication for immediate operation in a case of injury to the spinal cord depended, in their 
opinion, on the presence of complete block. I do not think that is right; nevertheless, it is 
what used to be taught. At times complete block may exist without destruction of the cord, 
and it is doubtful whether operation would be of benefit. On the other hand, it is possible 
that a spicule of bone may be driven into the cord, as Dr. Kennedy stated, without complete 
block. Therefore the rule of operation only for complete block does not hold. 
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Stereoscopic roentgenograms of the spine are not generally made, but there is no legiti- 
mate reason for not doing so. It is surprising how well one can visualize the component 
bony structures forming the wall of the spinal canal with such exposures, while in flat 
roentgenograms little detail can be seen. Really good roentgenologists, like Dr. Dyke and 
Dr. Law, would not think of reading roentgenograms of the skull unless they were stereo- 
scopic, but for some reason most men are not accustomed to making stereoscopic roentgeno- 
grams of the spine. Stereoscopic roentgenograms of the spine show up just as clearly as do 
those of the skull. Therefore in all cases of injury, as well as other lesions, of the vertebral 
column wdth which I have an^’^thing to do I insist that good stereoscopic plates be made. 

With regard to gunshot wounds in the first \Vorld War; In the neurologic services, 
and I do not know whether Dr. Stookey will bear me out or not, my associates and I encountered 
three main types of injury — those of the head, those of the spine and those of the peripheral 
nerves, ^^'’e had a great many cases of injuries to the head, and an even greater number of 
injuries to the peripheral nerves, but few of injury to the spinal cord. Most of the men with 
such injuries died before thej’' reached our hospital, and if they did not, quite a number died 
after arrival there. These deaths were due to ascending infection of the kidneys, or other 
infection, and a number of the patients gradually “faded out.” As a whole, the group was a 
very poor one, and we had little success with them. Just what effect the sulfonamide drugs 
would have had in preventing the infections is not known. It is quite probable that more men 
with gunshot injuries of the spine in the present war will be operated on, with improvement, 
than in the last one. 

Another point to be borne in mind can be illustrated, by a case which I had not long ago 
at Bellevue Hospital. The patient, a young man, had a rather severe injury to his back, 
and paraplegia immediately developed. I saw him two or three weeks after his injury, at 
the hospital, and he had many severe bed sores. Lumbar puncture revealed complete block, 
and iodized poppyseed oil showed the obstruction. Laminectomy revealed a large central 
herniation of an intervertebral disk pressing against the cauda equina firmly, and to a severe 
degree. He made a complete recovery after removal of the disk. 

One of the greatest additions to the methods of treatment of injuries of the spinal cord 
is Munro’s tidal drainage. All are acquainted with the fact that in the past many patients with 
such injuries died not of injury to the cord per se but, rather, of ascending infection of the 
kidneys, from the bladder. 

If an early operation is done, it should, and can, be performed readily with local anesthesia, 
especially since half the field is already anesthetic. 

In conclusion, I wish to say that we surgeons are willing to operate in certain cases early, 
or immediately, provided the neurologists can show definite reasons for doing so. We are 
not lazy, and we are glad to do the work when we are convinced that better results would 
thus be obtained. I feel sure that in some cases immediate operation should be performed, 
that in many cases no operation is required and that in others, even if operation is carried 
out, little improvement will result. 

Dr. Byron Stookey: Dr. Kennedy cited Sir Charles Bell; as I recall. Bell advised against 
operation. He objected to one’s comparing the removal of a piece of bone which is pressing 
on the brain with the same procedure in relation to the spinal cord. He called attention 
to the fact that a piece of bone presses only on a small amount of the total substance of the 
brain, while as a rule it presses on the total substance of the spinal cord. 

_ Dr. Kennedy stressed the brilliant experiments of Allen, which raises a point of especial 
interest in the present discussion. There is in the dog no extra room within the vertebral 
wnal or around the dura, such as exists in man. In man there is a large factor of safety 
in the relative sizes of the spinal cord, the dural sac and the vertebral canal, so that the 
spinal cord in- many parts of the vertebral canal can swell to almost twice its normal size 
and still not be impinged on by. the surrounding structures. Allen’s recommendation of making 
niultiple incisions in the dorsal portion of the cord I should consider of doubtful application to 
rnan because of the difficulties involved, the bleeding that would attend it and the disruption 
® part of the^ function of the dorsal column that would result. However, if by so doing 

e major portion of the function of the spinal cord could be regained, I should think it worth 
ine doing. 

i 1'^ problem is not that the surgeon is afraid or unwilling to operate or that the operation 
th * rather the question is whether he can improve the patient’s condition. I agree 

wo^*^^^” ^ recommendations by Dr. Kennedy and Dr. King with regard to gunshot 

unds of the spinal cord, for which much more can be offered by exploration than bj" 
wound can be cleaned out and nettoyage of the field done, and perhaps foreign 
ne removed and the cord given whatever chance it ma 3 ^ have to recover. !Most 

rosurgeons would be inclined to operate under such conditions, the operation, of course, 
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being preceded by stereoscopic roentgenographic study, as Dr. King indicated. On the otlier 
hand, if the bullet tract is filled with minute spicules of bone that can be seen within the 
vertebral canal, operation might be inadvisable. 

Dr. Kennedy cited the case in which Dr. Stetten operated. I remember his reporting 
that case before the New York Surgical Society some years ago, and I think all are agreed 
on operating in such cases. If I recall correctlj', the man was hik on the back of the neck 
by a blackjack, with fracture of the arches of certain cervical vertebrae. Stereoscopic roent- 
genograms would have shown this had they been taken. I think one is justified in operating 
in cases of injury to the cord from a direct blow. Neurosurgeons are in accord as to the 
advisability of exploration in such cases, but they are relatively rare in civilian life, especially 
those of injury from gunshot wounds. The majority of cases are those in which a deformity 
has been produced by jackknifing and compression. By operation the surgeon can only relieve 
the pressure on the cord; he can do nothing more for the damage to the cord except clean 
up the wound. By removal of the arches he still leaves severe angulation of the bodies of the 
vertebrae, and the angulation of the bodies is often more damaging to the remnants of the spinal 
cord than operative removal of the pressure. The principle of treatment is to remove the pressure 
on the cord, and more recent advances in the methods of reduction offer the patient more than 
operation can, for if the reduction is well done, it not only reduces the pressure on the dorsal 
aspect of the cord but removes the compression of the ventral aspect, which is much sharper and 
of greater significance. With Crutchfield’s tongs, attached in a small hole in the outer table of the 
skull, traction can be applied in a few minutes, and reduction accomplished without operation. 
When the pressure that is causing the difficulty can be removed by skeletal traction and reduction 
without operation, there is the possibility that a stable vertebral column will be established. 
When the arches are taken off, and the laminectomy must, of necessity, involve a minimum 
of three vertebrae in order to accomplish any reduction of pressure, one has removed certain 
factors making for stability of that portion of the spine. Because the surgeon feels he can 
do nothing to improve the patient’s condition except remove pressure, he prefers to remove 
that pressure by skeletal traction and other methods of reduction. By these means I have been 
able to reduce decided deformities of the spine, and hence I think the nonoperative approach 
is the more desirable. 

The manometric test indicates only an obstruction. That obstruction may be mechanical, 
due to displaced vertebral fragments, or it may be caused by edema. Edema cannot be 
relieved by the surgeon. He can only make more room by opening the dura, and thus relieve 
the pressure caused by the edema. With the modern use of hypertonic solutions, which 
formerly were not available, but which I think should be used in cases of acute injury to the 
spinal cord, and have been so employed in Dr. Scarff’s service at Belleyue Hospital, this 
edema can be relieved. Therefore the presence of edema is not, I believe, a valid indication 
for operation. No one here can be a more enthusiastic supporter of the manometric test in 
diagnostic procedures related to the spinal cord than I am, but for edema it is of doubtful 
value, for while it does indicate a block, that block may be due to edema, which can be 
relieved conservatively by use of hypertonic solutions. We surgeons have a great deal of 
respect for the spinal cord and the ease with which it is damaged, and, when damaged, the 
ease with which any remaining function may be further jeopardized; hence our conservative 
attitude has a great deal to commend it in certain cases at least. 

I had an opportunity to review the 5 cases which Dr. Kennedy has cited here. In the 
first case there was probably a unilateral dislocation. An operation was performed; perhaps 
Dr. Kennedy or Dr. Denker can tell whether aiv attempt was made to reduce the offending 
dislocated vertebra. Certainly, that should have been done first. I have had to operate in 
cases of unilateral dislocation because I could not get a reduction otherwise. Even then, in 2 
cases I was not able to obtain a reduction by placing a lever underneath the arch, and I had 
to open the lamina in order to relieve pressure on the cord. 

Dr. Peter G. Denker : I do not believe any attempt was made to reduce the fracture first. 

Dr. Byron Stookey : I think it should have been done. In 1 of the other cases the 
injury was a gunshot wound, and I should certainly have operated in this case. Another case 
cited was that of Dr. Stetten in which the man was struck over the back of the neck with a 
blackjack and had a fracture of a posterior arch. In that case I believe an operation should 
have been done. In 1 of the other cases a pregnant woman tripped and fell forward on the 
floor; she got up and was able to walk; a week later she noted numbness of the legs, and 
subsequently there developed a sensory level from the twelfth to the tenth thoracic. She was 
operated on, although roentgenogram did not show any dislocation. I do not believe Dr. 
Kennedy saw this patient, and I wonder whether there was actually an injury to the cord. 

I have never known of any patient falling forward and damaging the spinal cord. It has 
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always been a jack knife fall that has done it. I wonder whether the case could have been one 
of mj^elitis or infection. 

Dr. Peter G. Denker: The woman had complete block on two successive days. 

Dr. Byron Stookey: I appreciate that. I shall never forget an operation which I per- 
formed with Dr. Taylor on a woman in whom transverse myelitis developed overnight. She 
had a large, swollen cord. Dr. Kennedy and his associates will have to demonstrate the 

injury to the cord in this case; I do not believe it is substantiated in the report. In the 

other case there were multiple displacements, apparentl}' involving several lumbar vertebrae ; 
at operation, and wisely I believe, the dura was not opened. It is wise sometimes not to 
open the dura, for, in my experience, when the dura is opened the damaged cord may ooze 
out, so that, as Dr. King said, whatever chance the patient has, and probably there is none, is 
taken away. 

Dr. Taylor has been cited here as one who advises operation. From my experience w'ith 
him in the last ten years of his practice I know he did not recommend surgical intervention, 
for he had evolved one of the best methods of closed reduction which was available at that 

time. He advised me strongly against operative procedures. We saw a patient at the 

Beekman St. Hospital, and I did the operation. I did not reduce the fracture but, rather, 
did a decompression and I kept the patient under observation until he died, about fifteen 
years later. He had pronounced wedging, in which the anterior surface of the wedge was 
4 to 5 mm. in thickness, a severe deformity, and whatever chance the man may have had I 
must have taken away from him. So, in summary, I do not believe that in these 5 cases 
Dr. Kennedy has presented enough evidence to warrant a change in opinion on the part 
of any surgeon who disagrees with him. I agree that gunshot wounds, at least in the early 
stage, should be explored after study unless there is some contraindication, and that the 
wounds resulting from direct blows, with fracture of the posterior arches, should likewise be 
explored, but I question seriously the value of attempting to remove pressure from the cord 
by operation, which is all the surgeon can do, when the real deformity is in the body of the 
vertebra. I believe the operation only weakens the vertebral column. 

Dr. Foster Kennedy; I rather thought I had forestalled this argument by saying at the 
beginning that dislocations did not come into consideration here. 

Dr. Byron Stookey : Subluxations are different from real dislocations. 

Dr. Foster Kennedy ; Of course I mean subluxations — one can hardly reduce a dislo- 
cation. With a subluxation of the vertebral column one ought to try to make a closed 
reduction. The case of the elderly woman that Dr. King spoke of is a perfect example. She 
was treated with prolonged hyperextension, and although she had been paraplegic at the 
beginning, she had at the end, as Dr. King said, slight involvement of only one hand. When I 
went in to see her she was on a high catafalque in a great room. Her son had told me what 
a good patient she had been. I approached the catafalque cautiously in the gloom and said to 
her, just to break the ice: “Mrs. X, I hear you are a very good patient.” She was totally 
paralyzed and could not turn her head, w'hich was in hyperextension; so she turned her ej'es 
sharply to the right and looked at me and said: “Dr. Kennedy, when one is 80 years old, and 
paralyzed in all four limbs, there is nothing left for one but virtue.” A person like that could 
scarcely help getting well. 

Sir Charles Bell’s ghost was evoked in our paper merely to give it respectability by 
historical reference. His opinions, however fine his mind was, can hardly be of great value 
now, in view of the neurosurgery of his day. I do not feel that neurosurgeons have a 
sufficient regard for themselves. They view themselves in a diminishing mirror, so that 
they seem to themselves — or is it to each other? — too small. We physicians think them potent 
and important and feel they should go about their business a little more urgently. Dr. Stookey 
will, I am sure, subscribe to the idea that the urging on the part of the physician to explore 
the known level of spinal disease has revealed a great man}' pathologic, and often curable, 
situations. That is exactly my point in this argument: the surgeon cannot tell beforehand 
what he may find. If he knows he is dealing with a subluxation or a dislocation, it is his 
duty to reduce it if possible, but if he does not know what the situation is, it is his duty to 
explore. He does not know what the situation is until he has looked. Another thing. Dr. 
Stookey’s criterion for operation is: “What can be done to improve the condition?” One 
cannot tell what one can do to improve the condition until one e.xplores. A pontifical state- 
ment that the cord is smashed beyond repair may be wrong. I know instances, such as 
those cited in this paper, in which I believed the patient would not have recovered had e.xploration 
not been done. Then, too, the patient must be considered. I remember a young physician who 
had, I believe, a completely smashed cord. I had advised operation at the time of the injurv. 
.A. surgeon had advised against it, and the man was not operated on. He remained paraplegic 
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and very ill for a year; he was extremely unhappy and disturbed because he felt that no one 
knew the state of his spinal cord for certain. At the end of about a year, I advised the 
physician to submit to operation on the spine, although I did not believe that any benefit would 
result, as there did not. The cord was pulped at the level of the lesion, but after operation 
and the securing of certainty the patient completely changed as a human organism. His 
adaptation to his incurable condition became perfect almost overnight; he knew exactlj- where 
he was. Such is the value of certainty and decision in giving peace and power with which 
one may deal with a lamentable situation. I told the patient before the operation that I 
looked on the laminectomy as a psychologic treatment, that I did riot think it would do him 
any physical good, but it might help his emotional adjustment. 

Effect o£ Vitamin E Therapy on the Central Nervous System in Amyotrophic 

Lateral Sclerosis. Dr. Charles Davison. 

In 10 cases of amyotrophic lateral sclerosis treatment was instituted with vitamin E and 
alpha tocopherol, and, except in 1 instance, there was no clinical response to this therapy. 

Histologically, however, in 6 of the cases in which intensive treatment had been carried 
out destruction of the myelin sheaths and axis-cylinders was much less severe than in the cases 
in which no treatment was given. The dense gliosis which is usually present in amj’otrophic 
lateral sclerosis was diminished, or almost absent, in tlie cases in which vitamin E was admin- 
istered. The lessened destruction of myelin sheaths and axis-cylinders and the faint gliosis 
in these instances were perivascular and insular. In 1 of these cases the beneficial changes 
were limited to one side of the cord only. The nerve cells of the involved bulbar nuclei 
and the anterior horns remained unchanged and showed no signs of reversibility. 

The histopathologic process in the other 4 cases, in which treatment was less intensive, 
was concluded to be similar, although less extensive, to that in cases in which no treatment 
was given. 

There is a possibility that vitamin E therapy in cases of amyotrophic lateral sclerosis 
resulted in a reversal of the degenerative reaction, affecting simultaneously and equally the 
myelin sheaths, the axis-cjdinders and the glia. 

DISCUSSION 

Dr, Tracy Putnam’: This is an interesting approach to the subject of amyotrophic lateral 
sclerosis, and Dr. Davison’s beautiful preparations speak for themselves. On the basis of 
my own experience I feel he is unquestionably right that there is a stage of myelin degenera- 
tion which is reversible. This can be clearly shown in animals. If one induces demyelination 
of axis-cylinders in one area, which can be done in any one of several ways, and follows the 
animals for a time, killing them at intervals, it is quite clear tfiere is a reversible stage of 
damage to the myelin, and then an irreversible stage. In no. animal I have seen, and I think 
Dr. Ferraro has had the same experience, has there been any return of myelin after com- 
plete removal from the axis-cylinders, even after periods as long as fifteen months. If this 
does not happen in animals, I am skeptical about its occurring in human beings. All agree 
with Dr. Davison that when the axis-cylinder is actually interrupted regeneration cannot be 
expected, but when the axis-cylinder is continuous, and merely swollen or tortuous, the 
process may be reversible. 

Dr. Davison has presented some new data which deserve to be closely scrutinized, but 
they are perhaps open to another interpretation. In a recent survey of all the cases of 
amyotrophic lateral sclerosis in the records of the Neurological Institute, Dr. Roy Swank and 
I found that the picture was extremely variable, and that there was every gradation between 
the classic Charcot type, with atrophy of the hands and spasticity in the legs, and spinal 
muscular atrophy, on one end of the scale, and, on the other, the rather rarer type of lateral 
sclerosis. In cases in which no treatment had been given, we found that the prognosis was 
far worse for the classic form, with well pronounced signs of involvement of the pyramidal 
tract. The prognosis was much better if the disease was atypical, and as all know, for the 
pure lateral sclerosis or the pure muscular atrophy the prognosis was not poor. 

The notes show that in the 6 .cases in which less than average demyelination was present, 
the signs referable to the pyramidal tract, even before treatment was started, were rather 
insignificant. There was a negative Babinski sign in cases 1, 2 and 3; in case 4 there was 
a positive Babinski sign; in case 5 the signs referable to the pyramidal tract were relatively 
mild, and in case 6 they were not extreme. In 3 of the cases the symptoms were chiefly 
bulbar, and the patients died of pneumonia. It seems quite possible that in these cases more 
amyotrophy and less defect in the pyramidal tract were present from the beginning, and that 
is perhaps why fewer changes were evident in the lateral column. Dr. Davison’s analysis has 
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shown that all the changes are associated, and this is a rather general rule in ncuropathologj’. 
If there is degeneration of myelin there is gliosis also, unless some nutritional lack prevents 
it. The fact that no loss of myelin and no gliosis was noted in these cases suggests there 
had never been loss of m 3 ’^elin to the extent seen in the other cases. I note that in the second 
group of 4 cases there were, even before treatment, evidences of serious defects in the 
pyramidal tracts and, in proportion, rather fewer bulbar symptoms. I should like, therefore, 
to ask Dr. Davison whether it is possible that from the beginning the first group of cases 
differed from the average, or classic, case. 

Dr. Israel Wechsler: Like Dr. Putnam, I do not know just what to make of the 
slides which Dr. Davison showed. It is difficult to draw conclusions concerning recovery 
from microscopic sections taken at autopsjL I saw the slides for the first time tonight, and 
it has all come as a surprise. Evidentlj’’, Dr- Davison has demonstrated less degeneration in 
treated than in untreated patients. 

From a clinical point of view it is clear that the vast majority of patients do not respond 
to treatment. I shall soon have complete records on 70 patients, about 60 of whom showed 
no improvement; the rest did. Several of them, some of whom I presented at a meeting of 
this society two years ago (Amyotrophic Lateral Sclerosis Treated with Synthetic Vitamin E, 
Arch. Neurol. & Psychiat. 45:873 [May] 1941), are still living. They are not very good 
specimens of health, but they are alive. It is my opinion that amyotrophic lateral sclerosis 
is not one disease, but a series of syndromes. There is an inflammatory type, as Wimmer 
showed long ago. In a great many cases the disease has a vascular origin. A small number 
of cases maj’- belong to the group of deficiencies. It is known that vitamin deficiency causes 
“degenerative” changes, and since the pathologic process in amyotrophic lateral sclerosis 
resembles that seen in avitaminosis the inference may be justified that deficiency also plays a 
part in some cases at least. Whether this is true I do not know, nor am I certain that one 
is dealing with a vitamin E deficiency in my cases. There is some evidence that an X factor 
operates in some cases. 

My associates and I are still working with patients despite the discouraging results of the 
past two years. We know, for instance, that hypodermic injection of tocopherol is no better 
than, and perhaps not as good as, oral administration. With a test perfected by Drs. Sobotka 
and Mayer the uptake of tocopherol in the blood can be measured. It seems that the blood 
curve does not rise with doses over 100 mg., no matter how^ much is administered. 

My own interest in the question of degenerative processes in general is even greater than 
in amyotrophic lateral sclerosis itself. All know how unsatisfactory the word degeneration 
is — that it is an autopsy diagnosis in vivo. What one means by it is disappearance of nerve 
cells, myelin and axis-cylinders, and replacement with glia tissue in some cases. The under- 
lying dynamics of the production of degenerative processes is not understood. Whether the 
slides shown here contribute to one’s knowledge, whether they point to less “degeneration” or 
to a difference in reparative processes is a matter of opinion. 

It seems to me that characteristic of amyotrophic lateral sclerosis is a discrepancy between 
the functional, or neurologic, picture and the anatomic substratum. One may observe severe 
degeneration of the pyramidal tracts on section and record few signs during life. It is known 
how frequently a Babinski sign is lacking and the abdominal reflexes are present despite 
tremendous involvement of the pyramidal tracts. In a measure, this is true of the discrepancy 
between functional and structural impairment in multiple sclerosis. One often observes a 
white optic disk which should cause total blindness, and yet the patient has fair vision. The 
usual explanation is that the preservation of the axis-cylinder permits function to continue, 
but that is not always true. 

In conclusion, I should like to feel happy about Dr. Davison’s demonstration, and I hope 
that what he said is valid. I can only repeat that I think a small proportion of cases of 
amyotrophic lateral sclerosis belong to the vitamin deficiency group, but that remains to be 
proved. 

Dr. a. M. Rabiner: This presentation by Dr. Davison adds to the perplexity that began 
when I listened to Dr. Wechsler’s original paper two j^ears ago. At that time I questioned 
the basis for the therapy recommended because the rats which had been studied for sterility 
had, as a result of vitamin E deficiency, shown muscular atrophy and weakness. This was 
supposedly due to disease of the pyramidal tract. My perplexity arose from the fact that there 
is considerable doubt whether the rat has a tract that can be called the pyramidal tract. There 
are some fibers in the rat’s spinal cord that have been so labeled. It is questionable whether 
this is correct for animals that are predominantly quadruped. The horse and sheep have few 
PJ'ramidal fibers demonstrable in the brain after excision of the motor cortex and no pyramidal 
tract fibers demonstrable below the cervical level in the cord. Because of this, I thought it 
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more likely that therapeutic improvement in cases of amyotrophic lateral sclerosis was ascrib- 
able to the influence on the anterior horn cells than on the pyramidal tracts. Some of my 
associates, later, after having given a number of patients vitamin E, concluded that some of 
the fibrillations disappeared and the patients themselves seemed subjectivelj^ better. Now 
Dr. Davison presents pathologic material demonstrating no changes whatever in the anterior 
horn cells after vitamin E therapy, but some possible improvement in the appearance of the 
p 3 Tamidal tract. 

Dr. Charles Davison: Like Dr. Putnam, I have in a previous paper (Amyotrophic 
Lateral Sclerosis: Origin and Extent of the Upper Motor Neuron Lesion, Arch. Neurol. & 
PsYCHiAT. 46:1039 [Dec.] 1941) emphasized the pathologic and etiologic variability in cases 
of amj'Otrophic lateral sclerosis. In this, and in other papers, I showed that the dcmyclination 
in a number of cases of amyotrophic lateral sclerosis is not limited to the pyramidal tract but 
may extend to the other ventrolateral tracts or to the posterior column. Since this communi- 
cation I have reviewed 36 other cases of the disease in which necropsy was performed, cases 
studied clinically by competent observers and recognized as true instances of amj’otrophic 
lateral sclerosis, and have found only 2 in which the demyelination could not be seen in the 
gross myelin sheath preparations. One of these 2 cases, because of mental sj'inptoms and 
some extrapyramidal features, was considered an instance of spastic pseudosclerosis. 

In reviewing the 6 cases, as Dr. Putnam did, it should be emphasized that absence of the 
Babinski sign in amyotrophic lateral sclerosis does not mean absence of a lesion of the 
pyramidal tract. In this illness there is disease of the anterior horn cells and of the pj'ramidal 
tract. In many cases of amyotrophic lateral sclerosis, because of the disease of the anterior 
horn cells, reflexes maj’ not be exaggerated or pathologic. Exaggeration or intactness of 
reflexes in the presence of disease of the anterior horn cells signifies onlj' one thing, disease of 
the pyramidal tract. 

In cases of progressive spinal muscular atrophy, purely a disease of the anterior horn 
cells, the reflexes cannot be elicited at all, for here pyramidal degeneration cannot be dem- 
onstrated. 

Dr. Henry A. Riley : Did the patients have any weakness ? 

Dr. Charles Davison : Yes, all the patients had weakness, atrophy and fibrillations. 

In cases 1, 2, 3, 5 and 6 hyperactive reflexes and diminished abdominal reflexes were 
noted. There were a positive Babinski sign in the fourth case and a bilateral Hoffmann sign 
in the sixth. Of the 4 so-called control cases, no Babinski sign was elicited in the ninth and 
tenth. I believe that the changes in these 6 cases should not be interpreted as pathologic 
variations of amyotrophic lateral sclerosis. Why should they have occurred in succession 
and in such large numbers just when the treatment was given? It could not be a mere coinci- 
dence. The lack of gliosis, I agree with Dr. Putnam, is difficult to explain, but it is what I saw. 


PHILADELPHIA NEUROLOGICAL SOCIETY 

F. H. Lewey, M.D., Presiding 
Regular Meeting, Oct. 23, 1942 

Primacy of Area 13 of the Orbital Surface of the Cerebral Cortex in the Production 
of Hyperactivity in Monkeys. Dr. Henry A. Shenkin and Dr. Theodore C. Rucii. 

Bilateral ablation of the posterior orbital gyrus, which Walker recently differentiated as a 
new cytoarchitectural area (area 13) and which Bailej'-, Baemer and Sweet demarcated physio- 
logically from adjoining areas, was performed in a series of monkeys. This procedure produces 
in a notable degree many of the symptoms that have been described for prefrontal lobectomy by 
various workers. They are as follows : 

1. Hyperactivity is manifested by long-continued, methodic pacing or running of a regular, 
stereotyped character. 

2. Hyperactivity from lesions in area 13 is quantitatively great, is consistently obtained and 
is always manifested in some degree within even the first or the second postoperative day, 
whereas similar hyperactivity from other prefrontal areas is said to be delayed in onset (as 
long as two to three weeks) and does not invariably occur. For these reasons it is concluded 
that area 13 is a focal representation which controls the activitj^ level of the monkejL 
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3. Other motor activities are not marked bj' hyperactivity, but rather suffer reduction. 
Random, spontaneous activities and posturings are reduced in variety and in quantity, as is 
emotional expressiveness. There arc also certain ill defined behavior changes. All of these 
symptoms are most evident in the first postoperative week. 

4. Hyperactivity is accompanied by loss in weight and a slight increase in food intake. 


DISCUSSION 


Dr. Sarah S. Tower, Baltimore; This paper is interesting to me because it explains why 
I have been failing for some years to obtain, with electrical stimulation of the frontal lobe of 
the monkey, a type of response which is so readily and strikingly obtained in the cat, that is, 
arrest of spontaneous movement. 

There is, of course, an enormous difference between the cat’s and the monkey’s prefrontal 
lobe. The cat has almost none, and what it has is cytoarchitecturally undeveloped. All of it is 
fairly readily accessible and I have stimulated the whole, but in the monkey I never have 
stimulated the orbital surface. I have been able to stimulate only the dorsal and lateral 
surfaces of the frontal pole, either bj' exposure or with implanted electrodes. Under these cir- 
cumstances, I have rarely been able to demonstrate in the monkey a result which is most striking 
in the cat, inhibition of spontaneous activity. 

In these experiments with the cat, the frontal pole is exposed with the animal resting on a 
stand and under very light ether anesthesia. Under these circumstances, there may develop 
spontaneous rhythmic wagging movements of the tail, chewing movements of the jaw, running 
movements involving all four extremities, nj'-stagmoid movements of the eyes or other rhythmic 
movements, which one can count on to be continued for minutes, or perhaps indefinitely. 
Stimulation of the frontal pole, then, depending on the strength of the stimulus, will slow such 
movement or arrest it, and hold it in arrest, until stimulation is discontinued. Thereafter, the 
movement will resume, often with a poststimulatory escape, like a rebound phenomenon. 

In tlie monkey I had expected, because of Dr. Richter’s and Dr. Hine’s previous results 
with bilateral frontal lobectomy, to find a similar electrically excitable effect, but there was 
none. There is another inhibitory action against spontaneous movement, both in the monkey 
and in the cat: a quieting effect, which is generally distributed. But I could never find in the 
monkey’s cortex the powerful arresting effect so conspicuous in the cat. However, I never 
stimulated the orbital surface of the frontal lobe, because of technical difficulties. 

I should like to ask the authors what they know of the cytoarchitecture of area 13. Is it a 
developed type of cortex, or is it primitive, like the whole prefrontal lobe in the cat? 

Dr. H. a. Shenkin ; As I understand it, it is a primitive cortex, not at all developed. It is . 
merely a small subdivision of the general prefrontal cytoarchitecture. 

Dr. Sarah S. Tower, Baltimore : What is the ratio of the supragranular to the infra- 
granular layer? In the cat the whole prefrontal area has a poorly developed supragranular 
layer. 


Dr. H. a. Shenkin ; To be frank, I am not sure what the ratio is for this area. That the 
Rrea^ is really well delineated is supported by the ,fact that Bailey and Sweet have rcorded 
specific stimulatory effects from this region. 

_ Dr. Sarah S. Tower, Baltimore: It is from this area that they got the changes in respira- 
hon, is it not? The whole prefrontal lobe of the cat, which appears to be a unit, can slow or 
arrest respiration. 

Dr. H. a. Shenkin : Bailey and Sweet found the effects on respiration to be particularly 
limited to this cytoarchitectural area, and this is physiologic evidence for the validity of the 
differentiation. 


Dr. Sarah S. Tower, Baltimore: I wonder if one can consider area 13 in the monkey the 
omologue of the carnivore’s entire prefrontal lobe, and all the other areas — 9, 10, 11, 12 and 
tie 40’s, all highly developed cytoarchiecturally as something added. 

Dr. H. a. Shenkin : As I recall, area 13 is just as well developed as any of the surrounding 
areas. These areas are certainly not as primitive as the prefrontal cortex of the cat, but in 
I'elation to other regions of the monkey brain area 13 is not a developed cortex. However, 
specific localization to this area in the monke}’' is certainly conceivable. 


Dr. Sarah S. Tower, Baltimore; Not much is known of the phylogenetic development 
of this region, is there? 

Dr. H. a. Shenkin : I don’t know much about it, anyway. 

. B. J. Alpers : I should like to ask Dr. Shenkin whether, with destruction of area 13, 
lere^ is any change in the emotional reactions of his monkeys I ask this because of the 
association in the minds of some persons between lesions of the frontal lobe and loss of aggres- 
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sive tendencies. I wonder, also, whether the overactivity which he describes is pure overactivity, 
of whether it represents loss of inhibition or a personality change on the part of the monkej' 
which is expressed in overactivity. 

Dr. H. a. Shenkin : We did not ablate areas other than 13 in these animals. However, 
it is not an uncommon experience of other workers who have ablated the entire prefrontal lobe 
to observe diminution of activity in the' first few weeks, followed by hyperactivity. 

Such an effect makes one wonder, perhaps, if there had not been ablated in addition an 
excitatory area, which resulted in inhibition of activity — for example, area 8, which Dr. Kennard 
has ablated in many animals. Her animals sit with their heads between their shoulders and 
will not indulge in any voluntary activit}’; this inactivity is followed, if further removal of the 
prefrontal lobe is carried out, by hyperactivity. There was no change in respiratory rate that 
we could notice. Oxygen consumption was not altered from that before operation. 

Fulton and Watts {Ann. Surg. 101:363 [Jan.] 1935) reported cases of intussusception in 
animals with prefrontal ablations. In our expeidments, in which we measured the time required 
for carmine to pass in the feces, we could demonstrate no change in gastrointestinal motility. 
Accurate measurement revealed a slight increase in food intake, which could be accounted for 
by the increase of activity rather than by any metabolic alteration. We could detect no 
metabolic changes in our animals. 

Dr. Sarah S. Tower, Baltimore : I wish to ask the authors whether their monkeys showed 
absence of the threat reaction when a pass was made before their eyes. The bilateral frontal 
lobectomy preparations of Dr. Hines, which I have had under observation for several years, 
are not as appreciative of threatening situations as is an ordinary monkey, to the extent that 
one must be careful with what other monkeys they are placed. 

Dr. H. a. Shenkin ; Exactly. 

Dr. B. J. Alpers : I am interested in the personality changes in general. It is a little 
difficult to conceive of overactivity as overactivity without some accompanying process. 

Dr. F. H. Lewey: In the literature the term “overactivity” is not used in the sense of 
“hypermotility” in this connection. The word refers exclusively to pacing and does not contain 
any inference as to the cause of pacing. 

Dr. H. a. Shenkin : I think that this interpretation of the term is right. 

Dr. B. J. Alpers : This state of overactivity is more than pacing, it is a spread of activity, 
as I understand it. There is a great deal of activity. 

Dr. H. a. Shenkin: All the animals do is pace. There is a personality deficit; they do 
not react to the presence of visitors as do other monkeys. They show no fear. One can 
approach them closely before they make any sign of recognition. In the first few weeks they 
sit gazing off into the distance and pay no attention to anything you may be doing; this is 
unusual for a monkey, who always has his eyes on you, in one way or another. 

Later, instead of reacting in an aggressive fashion, they simply increase the rate of their 
pacing. The record shows this to occur without the interruption of side actions. They just 
keep going. 

Dr. Sarah S. Tower, Baltimore: Is the region in the human brain corresponding to area 13 
ever ablated in removal of the frontal lobe? 

Dr. H. a. Shenkin : I doubt it. In man this area would be far back toward the olfactor}" 
striae. I doubt whether lobectomy would extend that far. 

Dr. F. H. Lewey: One of the interesting points in this presentation is that only bilateral, 
not unilateral, frontal lobectomy produces pacing. Is there any notable difference in the 
behavior of persons after unilateral and after bilateral frontal lobectomy for tumor of the brain? 

Dr. G. D. Gammon : These reactions were described as pacing reactions ; they seem to me 
to be due partly to the monkey’s being confined in a cage. What happens to him if he is turned 
loose? 

Dr. H. a. Shenkin: We have not willingly turned the animals loose. They have escaped 
on occasion. They will follow the perimeter of the particular confining space that they are in. 
However, one monkey had a habit of performing a figure eight; only, when he escaped it was 
a large, instead of a small, figure eight. 

Pyramidal and Extrapyramidal Mechanisms in the Cortical Control of Movement. 

Dr. Sarah S. Tower, Baltimore. 

The cerebral motor cortex has at its command one avenue for direct action on the final 
motor mechanism, the pyramidal tract, and an indeterminate number of indirect avenues, called 
m the aggregate the extrapyramidal systems. When the medullary pyramid is severed, the 
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pyramidal tract alone is interrupted, the extrapyramidal systems being left intact. The func- 
tions of the pyramidal tract may then be inferred from the symptoms produced by the lesion, 
while the functions of the extrapyramidal systems may be studied either in the performance of 
the intact animal or by electrical stimulation of the cerebral cortex. Studies of this design 
were carried out on cats, monkeys and chimpanzees and in cases of similar lesions in man 
collected from the literature. The outstanding results are as follows : 

The pyramidal tract has both phasic and tonic functions. Discrete control of movement is 
the main phasic function. The tonic function reenforces tone and reflexes. A lesion of the 
pyramidal tract produces characteristically hypertonic paresis, attended in apes and man b}" 
the sign of Babinski. 

The cortical extrapyramidal systems function both to initiate stereotyped movements or acts 
and to inhibit tone and movement of skeletal muscles. These various functions are exercised 
from separate, though overlapping, cortical fields. 

Pyramidal and extrapyramidal functions are completely integrated in the totality of cortical 
motor function. 

DISCUSSION 

Dr. G. P. McCouch : Before discussing Dr. Tower’s paper, I wish to express the enthusiasm 
all feel in the presence of a master in her field who has done a piece of work so thoroughly 
that no room is left for after-thoughts as to the need of confirmation. 

I shall restrict my remarks to the final stage of motor integration. Dr. Tower has spoken 
of the pyramidal tract as essentially motor, its inhibitory effect being limited to muscles 
antagonistic to the movement induced. This is precisely the distribution of inhibition that 
characterizes reflexes of movement. Like the reflex afferent fibers, the corticospinal fibers are 
now known to terminate dominantly on interneurons, and not, as pictured in the textbooks, on 
motoneurons. The temptation is strong to assume that reciprocal innervation is mediated solely 
by the interneurons of the cord and that the corticospinal neurons are purely excitatory. Thus, 
the entire process could be blocked most readily at the internuncial level. In the case of the 
flexor response it is precisely at this level that the major share of inhibition by a preceding 
conditioning stimulus falls. 

Of the changes in reflexes, the most radical and puzzling is the Babinski response. I like to 
think of it as the reversion of function of a two joint muscle, the extensor hallucis longus, 
from a digital response, under pyramidal control, to flexion of the ankle, under the drive of a 
spinal reflex. 

I fear I am yielding to the temptation to digress into speculation, which Dr. Tower has so 
meticulously avoided. My excuse is that the primrose path was painted by a penetrating 
suggestion in one of her own papers. 

Dr. Sarah S. Tower: The pyramidal system operates entirely within, one might say, the 
functional organization of the segmental level. Hence discrete movement and reciprocal 
inhibition go hand in hand, just as Hering and Sherrington said long ago. But in the cat’s 
motor area, and less conspicuously in the monkey’s, after the pyramidal system is cut there is 
still a tonic inhibitory mechanism, the extrapyramidal, which can be brought into play, and 
without any following motor act; in this respect it differs from pyramidal inhibition, which 
can never be dissociated from its corresponding excitation. 

Dr. G. P. McCouch : In this regard pyramidal inhibition is somewhat analogous to the 
reflex situation, in that one cannot dissociate the movement from the inhibition. 

Dr. Sarah S. Tower: I should put it in this way: The segmental motor mechanism cannot 
be made to operate other than under its own laws. 

^ Dr. G. P. McCouch : So, Dr. Tower,, you regard the reciprocal inhibition as essentially 
spinal ? 

Dr. Sarah S. Tower: Yes. With respect to the Babinski sign, in the chimpanzee it is 
outstandingly a mass response. It is difficult to elicit a Babinski response in the chimpanzee 
without cocontraction of the flexor muscles of the thigh, and sometimes of the long adductor 
muscles. 

I have puzzled a great deal about what really goes into the making of a Babinski response, 
and I am not sure that I know. There is a great deal of difference between the organization 
of muscles in the chimpanzee and that in the human being. Dr. McCouch’s suggestion perhaps 
best accounts for it. 

There are shifts in emphasis. The effect of pj’-ramidal lesion differs quantitatively with 
different muscle groups — it is graver for some muscles than for others; that is, the balance 
of tonic innervation, is quite different after pyramidal lesion than it is in the intact animal. 

A pyramidal lesion modifies the pattern of excitability of reflexes to a considerable degree; 
it is not the same in the chimpanzee as it is in the monkey, and it is not the same in the monkey 
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as it is in the cat. The pyramidal system in the cat operates mostly on the flexor muscles. 
In the monkey its action is pretty well balanced between the flexor and the e.xtensor groups. 
In the chimpanzee its influence is on the other side; the extensors, I think, get a little more of it. 

Dr. G. P. McCouch; Incidentally, is it Dr. Tower’s experience that with a sufficiently 
large ablation one may get the equivalent of a Babinski response in the monkey? The only 
monkey in which I have seen such an effect was a hemidecerebrate preparation of Fulton’s, 
which showed not a Babinski, but a Chaddock, sign, perhaps the equivalent. 

Dr. Sarah S. Tower, Baltimore; I have seen the Babinski response in monkeys, but it is 
not a reliable sign. There seem to be individual factors in it, actually. In some monkej's the 
toes turn up and in some they turn down. Apparently, the larger the lesion the greater the 
tendency to the former reaction. 

As for Dr. McCouch’s first comment. Dr. Shenkin has already properly put me in my 
place by showing that there is much more to be said in this field than I have mentioned. 

Dr. Temple Fay: When Dr. Gammon asked me to discuss this • difficult and complc.x 
problem, I am sure he meant me to do so from the clinical aspect. What I have to say, 
therefore, must be mediated in terms of clinical experience. Such an interpretation is limited 
by those conventional standards to which one has become accustomed, and yet which during 
the past few years have left one in great confusion with respect to the teachings of the past. 

To me the “sign of Babinski,’’ if it is, as Dr. Tower has brought out, a characteristic and 
persistent sign of section of the pyramidal tract, may offer an important clue to the motor 
systems from another angle. The sign has been considered by many as Tuore or less a pathologic 
response, but it is a perfectly normal one in the baby. If one analyzes the movement in terms 
of segmentation (cortical, as against the lower motor level), and if one interprets Dr. Tower’s 
section of this selective pyramidal system as equivalent to destruction of a motor system which 
is a comparatively recent addition phylogenetically, then one may sec an analogy in the 
developing responses of the infant. During the early months of life, the free range of paddle 
movements and defense responses are compatible with the “sign of Babinski,’’ but with control 
asserted by the development and myelination of the pyramidal tract, the Babinski sign is 
modified and suppressed, never to appear again unless the pyramidal influence is removed as a 
result of injury or disease. 

I think there is plenty of evolutionary evidence pointing to a mechanism that has been 
developed out of a free-swimming state and that perhaps the greatest event in the life of the 
human species is the day of birth, when the infant arrives out of the water stage and becomes a 
land-breathing animal. 

If the big toe is partially rotated outward and away from the digits, as is seen in the frog 
or the chimpanzee, the movement which is called the Babinski reflex will be seen to be really 
a fanning or paddle movement of a fin at the fish or amphibian level. When the baby grows 
up, he loses the Babinski sign, but later, if the pyramidal system is injured, the primitive motor 
patterns are released and the Babinski sign reappears. Coghill’s analysis of movements in 
Amblystoma probably fortifies what Dr. Tower has demonstrated tonight. He found that the 
pyramidal system in Amblystoma developed after the appearance of the tail, head and eye 
movements. When the appendages appeared, particularly the digits, there was noted the 
formation of a “new motor system,” with fibers that appeared after the original simple seg- 
mental pattern had already become established. 

Coghill expressed the belief that as more selective movements appeared, an additional motor 
system developed to meet this need. If one will look at the over-all picture, and view the motor 
cortex as the site of integrated skilled movements developed for a purpose — all movement had 
at some time a purposeful meaning — one may get a different concept of the results of destruction 
at certain levels (i. e., how does the result manifest itself in terms of recent motor pattern con- 
trols over primitive reflex patterns and simple swimming movements?). 

For instance, animals are tested in various positions — on the back, on the side or sitting — 
and residual motor responses are analyzed after selective operations. All are familiar with 
the influence of posture and the Magnus and de Kleijn phenomena. It seems to me that the 
animal should be placed in the “amphibian position” (on the belly, with the appendages 
extended to the sides and the thumbs and toes turned toward the head) and immersed in water, 
if possible, to nullify postural and antigravity effects, as well as to study the effect of operation 
on the original simple, free-swimming movements at the amphibian level. 

I have found that the purposeless, jerking and twisting movements noted in animals during 
an induced convulsion are converted into an excellent pattern of free-swimming movements 
when the animal is suspended in water during the attack, with the belly down and the extremities 
free to assume the amphibian position and paddle function. 

I should like to ask Dr. Tower whether she noted any difference after section of the 
pyramidal fibers between the rotary movements — call them “purposeless” if you like — such as 
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one can see in cases of acute chorea or of athetosis (extrap3u-amidal in a clinical sense) and those 
movements ^Yhich are of prime flexor-extensor type, such as one sees in a major convulsive 
seizure. 

It seems to me there is evidence of a definite clinical differentiation. Each type of movement 
is capable of an excitatory mechanism ; each is characteristic and at times is free from the other 
component. Does the pyramidal system, of which SO per cent of the fibers are of unknown 
nature, mediate both these phenomena? Or can one say that there is in the pyramidal system 
per se the better crystallization and objectifying of these rotary movements, of more recent 
phylogenetic acquisition, into a flexor-extensor pattern of primitive type, with the check modi- 
fication that she spoke of? 

In other words, is function of the pyramidal system divisible into two possible components ; 
control of rotary movements and control of the flexor-extensor system? 

I have enjoj-^ed this presentation a great deal, and I am going back to the clinical work at 
hand with a new interest in Dr. Tower’s interpretation of the function of the pyramidal tract. 

Dr. Sarah S. Tower, Baltimore; In mj’^ work on epileptiform convulsions after section 
of the pyramidal system I have never seen anything that suggested, or in any way touched on. 
a choreiform type. But I have seen mani' reminders of the athetoid type. With my small 
experience in clinical neurology, I am cautious about getting into this field. 

The suggestion that the Babinski response is a swimming derivative is extraordinaril}' 
interesting. There has been much speculation about the meaning of the Babinski sign — 
whether or not it is a primitive reaction. It is mj" impression that all such extrapyramidal 
responses come from primitive patterns which are ancientlj^ organized in the brain stem. The 
suggestion that the Babinski sign is part of a swimming mechanism is in this vein. 

Dr. B. J. Alpers ; Have any of the animals .shown edema ? 

Dr. Sarah S. Tower: No, I have never seen it, although I have looked for it. 


Dr. F. H. Lewey ; Dr. Tower stated that the pyramidal tracts reenforce the segmental 
reflexes. In other words, loss of impulses over the pj'ramidal tracts should decrease the seg- 
mental reflexes. This, of course, is contrary to what one has learned previously. It used to be 
taught that the higher motor centers braked the subordinated motor levels and that the segmental 
reflexes were most exaggerated when freed from any regulation by higher centers. Probably 
this is one of the errors which one must rectify' now. 

What motor function survives Avhen the whole cortex is out of commission except for the 
anterior central convolution? 


What is known about the integration of pjmamidal and extrapyramidal function in the 
final movement? 

Dr. Sarah S. Tower, Baltimore. I would remind you of the effect of ordinary hemiplegia 
on the superficial reflexes, the abdominal and cremasteric reflexes, which are dereenforced, 
if one may say so. With a pyramidal lesion, the abdominal reflex disappears in all primates. 
In the monkey the cremasteric reflex also disappears. None of nw chimpanzees were males, 
so I know this only for the monkey. 

In ordinary hemiplegia in man, loss of pj'ramidal reenforcement of the segmental reflexes 
appears onl)"^ in those which do not involve the antigravity mechanism. This mechanism is under 
release because of the associated extrapyramidal lesion, which Dr. Hines worked on exten- 
sujl}", in consequence of which these reflexes are exaggerated or spastic. But the abdominal 
and cremasteric reflexes are not of this nature and show the pj'ramidal depression, not the 
extrapyramidal release. 

I believe that the final integration takes place in the internuncial and final motor mechanism 
^ the cord. That, at least, would represent the final level of integration. In^ a normallj 
unctioning animal or human being there is, I presume, a tremendous amount of initial integra- 
tion in the complex organization of the cerebral cortex, but that has not come under mj^ survej'^ 

all in these experiments. Bard, in his cats with remnants of the frontal pole, tried to 
approximate a preparation in which a portion of the cortex exerts control over the^ pj'ramidal 
I'act alone, but actually one cannot even approximate it because the field which gives origin 
0 t pyramidal system also gives rise to numerous extrapyramidal systems. Moreover, for 
practical purposes, the extrapyramidal systems must be defined as including the prespma 
CO aterals of the pyramidal system because one cannot at present separate, foi example, 
jcorhconigral collateral of a pyramidal tract fiber from an independent corticomgral fiber. Dntil 
lat can be done, all must be lumped together. Hence one could not possibly have a portion of 
'e cortex controlling the pyramidal system, with the extrapyramidal systems thrown out. 

McCouch : In support of Dr. Tower’s contention-not that it needs support— 
Js a tonic reenforcement of the central excitatory state from the pyramidal system, 
following observation appears pertinent: If one excises area 4, allows the animal to recover 
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from the immediate effects of the operation and then transects the cord, there is an earlier 
recovery of reflexes on the side of the previous deprivation, the previously paretic side, than 
on the previously intact side, which suffered its entire spinal shock at the second stage. I 
realize that such an experiment is open to the criticism that area 4 contains extrapyramidal, as 
well as pyramidal, elements. I should be interested to see such an experiment repeated with 
section of the pyramidal tract rather than with ablation of area 4. 

Dr. Michael Scott ; I should like to ask Dr. Tower whether there is any clinical similarity 
between section of the pyramid as she made it and section of the pyramidal tract in the high 
cervical region. 

Dr. Sarah S. Tower, Baltimore: All my animals with experimental sections in the cord 
have had at least some of the elements of spasticity, which is not true of those with section^ of 
the pyramid. A student of Dr. Hines, working on that problem, was able, by careful section 
of the cord, to get some preparations in which the spasticity was much more pronounced than 
in others. 

As the pyramidal tract passes through the decussation and into the cord, it mingles with the 
lateral reticulospinal tract, overlaps the rubrospinal tract and plunges into the general proprius 
field of the spinal cord itself. Lesions of the cord are, therefore, inevitably mixed, and I pre- 
sume the element of spasticity enters with this mixture. It is the chief difference between the 
results of section at the two levels. 

Loss of discrete movement is, of course, characteristic of all lesions of the pyramidal tract, 
regardless of level. This is the common feature. 


PHILADELPHIA PSYCHIATRIC SOCIETY 
Arthur P. Noyes, M.D., in the Chair 
Regular Meeting, Nov. 13, 1942 

Symposium: Complications of and Contraindications to Electric Shock Therapy. 

Dr. Theodore L. Dehne: In the past two years my associates and I have treated about 
120 patients at Friends Hospital. These patients represent a wide field of mental illnesses, 
many of which were treated semiexperimentally. In brief, we have come to the conclusion 
that electric shock therapy is most useful with agitated depressions, fairly useful with simple 
depressions and rather disappointing with manic reactions. A number of schizophrenic patients 
were given this therapy as a palliative rather than as a curative measure. Nearly all such 
patients became quieter and were more easily cared for. Early in our experience we hesitated to 
treat physically impaired patients, for a variety of reasons; as time passed, however, we con- 
cluded that many patients who exhibited what we believed to be disabilities contraindicating 
the induction of convulsions deserved such treatment because of the gravity of their mental 
illness. 

Contraindications referable to the skeletal system included recent fractures and arthritic 
changes, particularly those of osteoarthritic type. However, several patients with severe 
arthritis were treated without damage. Of 120 patients, however, 5 suffered compression 
fractures in the thoracic region and 1 a fractured humerus, only tlie latter being considered 
serious. 

Cardiac contraindications usually included arteriosclerosis, hypertension and cardiac enlarge^ 
ment due to any cause. However, several patients with advanced arteriosclerosis and 1 with 
pronounced enlargement of the heart with auricular fibrillation received the therapy without 
noticeable damage. 

Pulmonary contraindications did not have to be considered in this series. Diseases of the 
central nervous system, particularly degenerative changes due to arteriosclerosis or senility, 
were considered contraindications, but patients with both types were treated with electric shock 
without apparent acceleration of damage to the central nervous system. One highly excited 
patient with dementia paralytica was given the therapy, after which he was somewhat quieter 
and easier to care for. 

No deaths were directly attributed to electric shock. However, a highly excited alcohol 
addict with arteriosclerosis and organic heart disease had a stroke twenty-six hours after a 
treatment; he died subsequently. 

In summary, we believe electric shock is a relatively safe procedure and that the reasons 
for its use should be dictated by the best results that may be accomplished. 
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Dr. Howard K. Petry, Harrisburg, Pa.: Electric shock treatments were first given at 
the Harrisburg State Hospital in February 1941. To date my colleagues and I have completed 
treatment in 148 cases. 

Complications. — Skeletal System: Bilateral dislocation of the mandible occurred in 3 cases; 
pain and swelling of the right knee, in 3 cases; pain in the gastrocnemius muscle of the right 
leg, in 1 case, and pain in the back, in 6 cases. 

Cardiovascular System: Vascular collapse, resulting in discontinuation of treatment, occurred 
in 1 case, and edema of the ankles due to cardiac decompensation, in 1 case. 

Respiratory System : Prolonged apnea appeared in 3 cases. 

Central Nervous System: An epileptiform convulsion, thirty-two days after the last treat- 
ment, occurred in 1 case; marked confusion, necessitating discontinuation of treatment, was 
present in 1 case, and manic excitement in a previously depressed patient, necessitating discon- 
tinuation of treatment, was noted in 1 case. 

Muscular System: Ventral hernia and abdominal pain, with discontinuation of treatment, 
occurred in 1 case. 

Miscellaneous Complications : Two conjunctival hemorrhages, both in the same case, were 
encountered. 

No deaths occurred as a result of the treatment. 

Contraindications were active or latent pulmonary tuberculosis, severe arthritis with 
deformity, poor cardiac tolerance to exercise and severe inanition. 

The data on the results of therapy are analyzed in the following tabulation. 


Psychosis 

Manic-depressive 

Manic phase 

Depressed phase 

Involutional melancholia 

Schizophrenia 

Simple 

Hebephrenic 

Catatonic 

Paranoid 

Psychoneurosis 

Unclassified 

Total number 

Percentage of cases 


Psychosis 

Manic-depressive 

Involutional melancholia 

Psychoneurosis 

Schizophrenia 

Unclassified 


Psychosis 

Manic-depressive 

Involutional melancholia, 

Psychoneurosis 

Schizophrenia 

Unclassified 


Total 


Improve 

No 

No. of Cases 

Recovery 

ment 

Improvement 

43 

25 

12 

6 

6 

2 

1 

3 

37 

23 

11 

3 

34 

19 

5 

• 10 

60 

7 

12 

41 

12 

1 

4 

7 

3 

. . 

2 

1 

20 

3 

4 

13 

25 

3 

5 

17 

5 

2 

2 

1, 

6 

1 

1 

4 

148 

54 

32 

62 

100 

36.5 

21.6 

41.8 

Average Duration of 

Illness 


Recovery 

Improvement 

No Improvement 

yr. V/z mo. 

4 yr. 3 mo. 

9 

yr. 10J4 mo. 

3 T. 3 mo. 

2 yr. 

2 

yr. 10 mo. 

mo. 

6 yr. 

5 

mo. 

.5 mo. 

2 yr. 8 mo. 

3 

yr. 10 mo. 

.6 yr. 

1.5 yr. 

8.7 yr. 


Average Age 



Recover}’- 

Improvement 

No Improvement 

44.2 yr. 

50.7 yr. 


43.6 yr. 

55 yr. 

53.2 yr. 


55.7 3T. 

34.5 yr. 

36.5 yr. 


33 yr. 

27 yr. 

30.6 yr. 


30.9 yr. 

47 yr. 

51 yr. 


46 yr. 


Dr. Arthur Lindenfeld, Allentown, Pa. (by invitation) : Electric shock treatment was 
carried out at the Allentown State Hospital in 55 cases, representing various psychiatric 
diagnoses. In all cases roentgenographic and electrocardiographic studies were made before, 
at times during and at the conclusion of treatment. The following complications and contra- 
indications were observed: 

Skeletal System. — Advanced arthritic changes of the spine were noted in 2 cases. There 
were no fractures or dislocations. 

Cardiovascular System. — In 2 cases treatment was refused, in 1 of which coronar\' disease, 
and in the other chronic rheumatic valvular heart disease with fibrillation, was present. In 
- cases treatment was discontinued, in 1 of Avhich auricular flutter, and in the other persistent 
hypertension, with a blood pressure of 200 systolic and 120 diastolic, and peripheral sclerosis. 
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developed. In 1 case fibrillation was treated successfully.. In 1 case with coupling and in another 
with auricular premature contractions therapy is being carried out, without complications 
thus far. 

Respiratory System. — Treatment was refused in a case in which questionable tuberculous 
activity was present. 

Central Nervous System. — In 1 case therapy was refused because of a history of convulsions 
earlier in life and electroencephalographic evidence of epilepsy. 

No deaths occurred which were directly attributable to electric shock therapy. In 2 cases the 
patients committed suicide after treatment was discontinued, before they had shown satisfactory 
improvement. 

Dr. Granville L. Jones, Marlboro, N. J. (by invitation) ; At the New Jersey State Hos- 
pital, since Feb. 16, 1941, my associates and I have given electric shock treatments in a total of 
508 cases. We have employed electric shock alone, electric shock combined with insulin, 
electric shock combined with curare and electric shock combined with insulin and curare. 

We have no fixed contraindications. We consider each case on its merits, balancing the 
probability of improvement against the type or severit 3 ' of tlie possible complications. 

We had 16 cases of dislocation of the jaw and 1 case of subacromial bursitis. These com- 
plications were trivial. We had 1 case of subluxation of a cervical vertebra, with no serious 
results. We discovered 9 compression fractures of the thoracic vertebrae, resulting in nothing 
more than slight kyphosis. We take roentgenograms of the spines of all candidates, and any 
with pathologic conditions which reduce the flexibilitj' of the spine or the density of the bone, 
such as severe hj'pertrophic or atrophic changes or previous injurj" or disease, are not considered 
suitable for treatment. We have sometimes used curare with such patients, as well as with a 
few who had suffered fractures during treatment. A patient aged 50 who had been psychotic 
for thirty-si.x j'ears had a fracture of the humerus. Our results are in accordance with the 
observation of Graves and Pignataro that the incidence of fracture during mctrazol shock 
depends more on the duration of the ps 3 Thosis than on the age of the patient. 

We had 1 case of pulmonary edema and 6 cases of circulatory collapse, the latter being 
probably of central origin. The symptoms were imperceptible pulse, apnea or respirator 3 ' 
distress and deepening cyanosis, changing to pallor. I know of no way in which to predict 
such a reaction; hence I am not certain that the cardiovascular contraindications have any 
bearing on it. We do not treat patients with past or present cardiac decompensation or disease 
of the coronary arteries or with arrhythmia that is demonstrably a symptom of organic disease. 
We have induced electric shock in patients with moderate arteriosclerosis, with moderate lu’per- 
tension and with old rheumatic heart disease, and in the case of a patient with thrombophlebitis 
we combined electric shock therapy with curare. When tach 3 'cardia or arrhythmia appears, 
treatment is promptly discontinued. We do not take electrocardiograms except in doubtful 
cases or when symptoms arise. 

Aside from disturbances of memor 3 q which arc almost ahva 3 "s transitory', our only' com- 
plication referable to the central nervous system has been prolonged or delayed convulsions, 
with no serious sequelae. A contraindication is aiw localized organic disease of the brain. 
Generalized disease of the brain, such as senility, arteriosclerosis without focal signs or even 
dementia paralytica, is not considered a contraindication if there arc urgent psychiatric indica- 
tions, such as severe agitated depression or exhausting excitement. We have treated a patient 
with Huntington’s chorea and a few children with postencephalitic behavior disorders. 

We have had no cases of tuberculosis, pneumonia or pulmonary abscess as a result of 
electric shock therapy. A case of pulmonary embolism will be discussed in connection with 
deaths associated with the therapy. We usually regard active tuberculosis as a definite contra- 
indication to any form of shock therapy, but we treated a patient who had an active lesion, 
without spread of the disease. Inactive tuberculosis is not a contraindication. In 2 cases an 
acute infection of the respiratory tract developed during treatment. We suspend therapy under 
such circumstances, as well as when fever develops from any cause. In all cases roentgeno- 
grams of the chest are made before treatment, and for cause during and after therapy. 

Other diseases observed were parotitis, in 1 case, and disseminated lupus erythematosus, 
in 1. case. 

In 3 cases death followed exhaustion from psychotic excitement one, two and three days 
respectively after a single electric shock. In these cases death was probably not even hastened 
by the shock therapy, which was a desperate effort to terminate the severe and ominous 
exhaustion. In 1 case death resulted from an intravenous injection of magnesium sulfate, 
given for the curarization effect. In another case death was from pulmonary embolism, 
apparently as a result of infectious phlebitis, which complicated bilateral otitis media one 
week after the last shock treatment. Electric shock is probably contraindicated in cases of 
chronic disease of the middle ear, certainl 3 ' when there is active infection. 
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A woman aged 23, with a psychosis diagnosed as manic-depressive insanity, perplexed type, 
had the cutaneous symptoms of lupus erythematosus on admission, which was not recognized 
as the disseminated form. She was given ten insulin and six electric shock treatments. 
Pleurisy developed, and treatment was discontinued. The shocks may have played some part 
in her death, which, however, did not occur until two months after the last treatment. 

Dr. Herbert Herskovitz, Norristown, Pa. : Since April 1940 174 patients have received 
electric shock therapy at the Norristown State Hospital. Two had fracture of a midthoracic 
vertebra and 4 dislocation of the jaw. The latter was reduced with no difficulty. There were 
no deaths or cardiac, pulmonary or other complications, except for memory defect. This defect, 
which has not been stressed by the previous speakers, I find to be rather general and often 
prominent. Therefore, patients whose occupation requires intellectual ability are selected for 
treatment with caution. 

Prior to treatment each patient receives a thorough physical examination ; in addition to the 
usual studies of the blood and urine, roentgenograms of the chest and spine and an electro- 
cardiogram are taken. Until recently a roentgenogram of the spine has been taken after 
treatment. 

The criteria for and contraindications to treatment include heart disease of any type ; 
arteriosclerosis, either cerebral or generalized; hypertension; previous cerebral vascular acci- 
dents; any acute disease of the respiratory tract; previous fractures which have not healed 
firmly, and hernia. Healed tuberculous lesions, unless extremely small, are considered a contra- 
indication to treatment. As a rule, patients over 60 years of age are not treated by this method. 
When an exception is made, the patient is studied thoroughly and treatment proceeds with 
caution. Prior to each session the patient’s temperature and blood pressure are taken, and if 
either is elevated treatment is withheld. Emaciation is not considered a contraindication. 

It is believed that the conservatism used in selection of patients for treatment explains the 
low incidence of complications at this institution. As the previous speakers have indicated, the 
course of the illness frequently determines whether or not the patient shall receive treatment. 
Electric shock therapy is of value for depressive psychoses, particularly involutional melancholia, 
but is of little value for schizophrenia. 

Dr. John H. Taylor Jr, Trenton, N. J. (by invitation) : Since October 1940 my associates 
and I have employed electric shock therapy in 1,133 cases, in 448 of which electric shock was 
combined with insulin. In the remaining 685 cases electric shock therapy was used alone. 

Complications . — These included loosening of teeth, in 22 cases ; dislocation of the jaw, in 
12 cases ; dislocation of the shoulder, in 4 cases ; fracture of the neck of the humerus, in 2 cases, 
and fracture of the head of both humeri, in 1 case. 

There were 6 cases of compressed fracture in the thoracic region, with slight lateral dis- 
placement in 1 case. The fourth, fifth, sixth, seventh and eleventh vertebrae were involved in 
1 case each, and the fifth and sixth vertebrae, in 1 case. In none of these cases were any 
neurologic symptoms evident, nor was any treatment other than supportive strapping employed ; 
there apparently were no after-effects. Transverse fracture of the neck of the femur occurred 
in 3 cases. 

We did not note any cardiac or pulmonary complications other than the expected reactions 
during treatment, or any complication referable to the central nervous system. 

In several cases periods of forgetfulness and confusion developed, which lasted from two or 
three days to six months, the longer period being exceptional. The confusion, however, cleared 
up in all cases, and to date we have not noted any permanent mental impairment. 

Types of Psychoses Treated . — We treated all types of functional psychoses, as well as 
epilepsy and psychosis with syphilitic meningoencephalitis. When we first began to use electric 
shock therapy, we treated manic-depressive psychosis, involutional psychosis and catatonic 
schizophrenia by this method alone. We found that the patients made spectacular improvement 
but that the improvement was not sustained. We now do not use electric shock therapy alone 
with any acute functional psychosis, but combine it with insulin shock. The combination of 
the two treatments has given more frequent and better sustained improvement than citlicr 
treatment alone. We now use electric shock for patients with chronic disturbances or epilepsy 
and for disturbed patients with dementia paralytica. However, we emphasize that in our 
experience insulin therapy is the treatment of choice, and in the management of schizophrenia 
we use electric shock onlj' as an adjuvant when the patient does not resi)ond to insulin shock 
alone. 

With the acute manic-depressive states, catatonia and involutional ])sychosis of the depressed, 
agitated type, we frequently start the insulin and the electric shock therapy simultaneously but 
continue the insulin shock treatment after the completion of a course of fifteen convulsions. 
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We have treated 22 patients with psyclioses accompanying syphilitic meningoencephalitis 
who were admitted to the hospital in an excited and disturbed state. These patients all 
responded rapidlj’’ and within a few days made a good hospital adjustment. They were then 
given fever therapj\ 

Epilepsy; The Trenton State Hospital does not treat epileptic patients, as New Jersey has 
an epileptic colony at Skillman. However, a few patients who were subject to violent furors 
and showed homicidal tendencies are in residence at the Trenton State Hospital, for custodial 
reasons. Six patients were given a course of fifteen convulsions induced b}' electric shock, after 
which therapy was continued with one or two treatments a week for an indefinite period. These 
patients all showed improvement in their hospital adjustment; the frequency of their convulsions 
was diminished, and the periods of excitement entirely disappeared in most cases. 

One case is interesting. A white man aged 42, who had been subject to epileptic seizures 
for thirty years, was admitted to the hospital in 1938; he was subject to seizures approximately 
every other day until Sept. 2, 1941, when he had 5 seizures. On September 3 he had 5 seizures ; 
on September 4, 2 seizures; on September 5, 8 seizures; on September 6, 10 seizures; on 
September 7, 3 seizures; on September 8, 13 seizures; on September 9, 11 seizures; on Sep- 
tember 10, 7 seizures, and on September 11, 12 seizures. On that date he was given his first 
electric shock treatment. The following day he had 10 seizures, and another electric shock 
treatment was given. On September 13 he had 1 seizure, and from that date until Jan. 11, 
1942, a period of four months, he had no seizures. On January 11 he had a seizure, and another 
course of electric shock was started. He remained free from convulsions until Feb. 2, 1942; 
at this time, at his request, his family withdrew permission for treatment. Since that date he 
has continued to have convulsions approximately every other day, but there has been no return 
of his repeated convulsions. 

Chronic Psychoses : By far the largest number of patients to receive electric shock therapy 
alone were the dirty, denuded, deteriorated and disturbed schizophrenic patients. These 
patients made a remarkable change in their institutional adjustment, and the majority improved 
to the point of remaining clothed, going to the cafeteria and working in occupational therapy 
groups in the wards. We found, however, that if the treatments were discontinued the patients 
soon returned to their previous level ; therefore we maintain these patients on a regimen of 
one or two treatments a week for an indefinite period. 

Curare. — We did not employ curare with our patients receiving electric shock therapy, but 
used it with 32 patients whom we treated with metrazol. We discontinued its use because in 
order to secure what we considered sufficient benefit from the drug, it was necessary to give 
large doses; in several instances respiratory paralysis developed, and artificial respiration had 
to be given for several hours. 

Contraindications. — Our contraindications to treatment at present are cardiac decompensa- 
tion, active pulmonary tuberculosis, hypertension, bonj"^ changes in the spine and hernias. 

Dr. Thomas H. Wright Jr.: Four hundred patients at the Pennsylvania Hospital for 
Nervous and Mental Diseases were treated with electric shock. Curare was used routinely. 

Skeletal System. — ^Dislocation of the left humerus occurred in 1 case. No contraindications 
referable to the skeleton were noted. 

Cardiovascular System. — Complications were coronary thrombosis, in 1 case ; auricular 
fibrillation, in 2 cases, and vasomotor collapse, in 2 cases. 

A contraindication was severe cardiovascular disease. 

Respiratory System. — Complications were severe apnea; rupture of a small pulmonary blood 
vessel, with recovery, in 1 case, and surgical shock, in a case of therapeutic pneumothorax. 

A contraindication was severe active disease of the respiratory tract. 

Central Nervous System. — A complication in 1 case was a generalized spastic state, which 
lasted for four days, with spontaneous recovery. 

A contraindication was organic disease of the central nervous system. 

Death occurred in 1 case, that of a man aged 50 years. A mild convulsion occurred during 
the first two minutes ; breathing was satisfactory, then became irregular and stopped. The pulse 
continued to be good, but finally stopped. Permission for autopsy was refused. 

Conclusion. — Contraindications center around severe organic illness. Even under such cir- 
cumstances, however, the severity of the mental illness should be taken into consideration when 
one is trying to judge whether electric shock should be given. 

Dr. C. a. Zeller: At the Philadelphia State Hospital ISS patients, the majority of whom 
had chronic schizophrenia, were treated. No fracture or orthopedic complication was noted. 
There were 12 dislocations of the jaw, 6 occurring in the same patient, in spite of prophylactic 
measures. A man of 48 presented split heart sounds, which returned to normal after suspension 
of treatment. A woman aged 55 died of bronchopneumonia two months after the completion 
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of several series of shocks, totaling sixty-two treatments (Alpers, B. J., and Hughes, J.; 
J. Neuropath. & E.vper. Neurol. 1:173 [April] 1942). Contraindications are an age of 60 or 
over, arteriosclerosis, hypertension, tuberculosis in any stage or location, cardiac disease of 
any type, any disease of bone and advanced inanition. 

DISCUSSION ON PAPERS PRESENTED IN THE SYMPOSIUM ON ELECTRIC' 

SHOCK THERAPY 

Dr. Lauren H. Smith ; Electric shock therapy is proving effective in treatment of involu- 
tional melancholia and manic-depressive psychosis. At the Pennsylvania Hospital immediate 
recovery occurred in 70 per cent of patients with involutional melancholia, in 59 per cent of 
patients with manic-depressive psychosis, depressed phase, and in 56 per cent of patients with 
manic-depressive psychosis, manic phase. Manic patients did not maintain their recovery, and 
frequent relapse occurred. Electric shock therapy was not effective with schizophrenia, the 
rate of recovery not exceeding the rate of spontaneous recovery. Results in treatment of the 
psychoneuroses were likewise disappointing. 

The complications arising in this type of therapy have been adequately covered in the 
various papers presented this evening These range from fractures and dislocations to com- 
plications involving the cardiovascular and respiratory systems, memory defects and even death. 
While from a statistical viewpoint these complications occur in only a small percentage of 
patients treated, they impose, nevertheless, the responsibility on the physician of considering 
with care the question of electric shock treatment. 

Contraindications to electric shock therapy are a matter of opinion. Each patient should be 
considered individually, the advantages to be gained by possible psychiatric recovery always 
being balanced against the possible risks of the therapy. 

Dr. John H. Stauffer: At the Philadelphia General Hospital, my associates and I have 
so far treated 454 patients. One patient died, a man aged 70, who had graduadlly been growing 
worse for six years. He complained of loss of appetite and vague pains, became increasingly 
depressed and self accusatory, wanted to die and had to be fed with a tube. Physical examina- 
tion showed mild electrocardiographic changes, due to arteriosclerosis. He was given four 
electric shock treatments combined with curare; during the fifth treatment he became dyspneic 
and died thirty-six hours later. 

One man had fracture of the acetabulum, and another, aged 59, had abdominal hernia. 
A woman aged 47 had six successive convulsions after the first treatment. It was believed 
that she had had encephalitis a year prior to the treatment. There were several instances of 
hemorrhage of the conjunctiva and dislocation of the jaw and a few fractures of the vertebrae. 
One depressed patient with dementia paralytica, who had been treated with malaria with no 
improvement, was given electric shock therapy and is now back on the police force. We 
treated another patient with the same disease, who did not recover. 

In certain cases we have induced subshock. One woman aged 72, with diabetes, made a 
good recovery under such treatment. 

Shock apparently induces the malnourished patient to eat, and he gains in weight and 
strength. 

In my opinion, if the patient’s heart is in good condition it is safe to try electric shock 
therapy. 


CORRECTION 

In the article by Drs. Arnold M. Mefrowsky and Feori F. Pipito entitled “Surgical History 
of Trigeminal Neuralgia,” in the April issue (Arch. Neurol & Psychiat. 49:574, 1943), 
references to two articles by Drs, Grant and Weinberger were unintentionally overlooked. 
The new sentence beginning at the end of the seventh line of the last paragraph on page 579 
should read: “Grant and Weinberger and Olivecrona®^ have already suggested . . . 
and reference 39 should read: “Grant, F. C., and Weinberger, L. M.; Experiences with 
Intramedullary Tractotomy: I, Relief of Facial Pain and Summary of Operative Results, 
Arch. Surg. 42:681 (April) 1941; Experiences with Intramedullary Tractotomy: IV. Surgery 
of the Brain Stem and Its Operative Complications, Surg., Gyuec. & Obst. 72:747 (April) 
1941. Olivecrona, H. : Tractotomy for Relief of Trigeminal Neuralgia, Arch. Neurol. & 
Psychi.at. 47:544 (April) 1942.” 



Book Reviews 


Autonomic Regulation. Bj' Ernst Gellhoni. Price S5.S0. Pp. 373, with index and bibli- 
ography. New York: Interscience Publishers, 1942. 

The text is divided into five parts: (1) a general introduction; (2) autonomic reactions, 
involving primarily the- respiratory and circulatory systems ; (3) autonomic-endocrine integra- 
tion; (4) autonomic-somatic integration, and (S) results and applications. 

In his introduction, the author states that any understanding of the physiology of the 
mammalian organism must obviously take into consideration the mutual relationship of the 
various organs and determine how any change in the external environment affects the organs 
of the body. This consideration of the interrelationship of organ systems in environmental 
adjustment the author calls the “organismic principle.” The central nervous system is involved 
in all these conditions. 

The autonomic nervous system, by altering the circulation, respiration, heat production, 
heat loss, changes in blood volume and erythrocyte count, protects the cortex of the brain in 
a most effective manner from harmful alterations in the internal environment. 

The author states that the book is an experimental survey in wl(^^ he attempts to analyze 
the function of the organism under a variety of conditions. He states that under stress and 
strain there have been developed during the stages of phylogenetic evolution a set of reactions 
which retain the purposeful functions of the organism. The discovery of these principles 
becomes the task of an organismically oriented physiologj^; the application, the problem of a 
scientifically oriented medicine and psychology. 

An attempt is made to understand the physiologic basis of the fact that it is the autonomic, 
and not the somatic, system that is responsible for the regulation of various adjustment reactions 
of body organs. It is pointed out that the autonomic nervous system differs fundamentally 
from the somatic centers inasmuch as changes in the internal environment which lead to a 
depression of the cerebrospinal system are accompanied by an increased e.xcitability of the 
vegetative centers. These observations lead to a discussion of the mutual relation of the 
autonomic and the somatic nervous system. They show that the autonomic nervous system is 
not only an efferent system, carrying impulses from the somatic system to the various visceral 
organs, but an afferent system, the impulses of which significantly alter the e.xcitability of the 
somatic system. This is illustrated not only for physiologic but for pathologic conditions, such 
as convulsions. 

The autonomic reactions to hypercapnia, anoxia, asphyxia, hypoglycemia and hemorrhage 
are carefully considered and not only serve as examples of physiologic adjustment reactions, 
but throw important light on pathologic processes. An attempt is made to utilize these observa- 
tions in the problems of neuropsychiatry. It is shown that the reactivity of the autonomic 
centers of schizophrenic patients is fundamentally different from that of normal persons. In the 
light of these observations, the physiologic effects of insulin, of hypoglycemia and of con- 
vulsions, induced either by drugs or by electric current, are studied, and a physiologic theory 
of the treatment of schizophrenia is presented. 

Starting from a rather short consideration of the anatomic and physiologic foundations of 
the autonomic nervous system, the author proceeds carefully and methodically to expand his 
discussion, as already outlined, by a consideration of his own investigations and a review of 
the literature. His consideration of the literature is exhaustive, the bibliographic index listing 
1,100 titles. One gets the feeling throughout that the author knows just what he is building, 
and as he fits fragments of evidence together, the shape of the structure becomes apparent. 

Dr. Gellhorn states clearly that his mechanistic consideration of human reactions and 
emotions is not complete; whether or not one agrees with his attempt, it is apparent that his 
presentation of the problem is admirable. The point will eventually be reached at which all 
physicians will see that the consideration of psychic and somatovisceral factors in the pro- 
duction of human emotional responses is not a state in which the acceptance of one point of 
view demands a rejection of the other. It is perhaps merely a question of the emphasis on 
one or the other factor, both factors being constantly in action. This book may play a .valuable 
part in guiding neuropsychiatrists toward such a point of view. This volume is recommended 
and should be a part of every one’s neurophysiologic library. 
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One of the chief clinical assets of electroencephalography is its power to localize 
gross cortical lesions. The early work of Berger ^ and of Foerster and Alten- 
burger ^ called attention to the possibilities of the method, but the practical value of 
electroencephalography for the localization of gross lesions prior to operation was 
first clearly demonstrated by Walter.® The closely related problem of localization 
of a discharging lesion or seizure focus was the subject of earty reports by Jasper ^ 
and by Gibbs, Lennox and Gibbs ® and of later reports by Jasper and Hawke 
and by Casamajor and his co-workers.^ Reviews of the literature on electro- 
encephalographic localization and lengthy bibliographies have been published 
elsewhere.® 

As a result of their studies, Jasper and his associates ® concluded that the 
most important characteristics of a seizure discharge are the degree and direction 

This' work was aided by a grant from the Rockefeller Foundation. 

From the Department of Neurology, Harvard Medical School, and the Neurological 
Unit, Boston City Hospital. 
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of spread. Jasper proposed that seizure discharges be classified into the follow- 
ing three categories : localized, bilaterally synchronous and diffuse. ■ We agree that 
for certain purposes such classification has advantages. There are important 
correlations between spread, wave form, etiologic factors and clinical symptoms. 
The problem of diagnosis and treatment of epilepsy often centers on the question 
of whether or not localizing signs are present. Electroencephalographic evidence 
of a focus of abnormal actiAuty is an important localizing sign. As will be shown, 
however, certain types of Avaves are more significant than others. In a complete 
electroencephalographic classification it seems Avise to consider not only .the degree 
and type of spread but also the frequenc}' and Avave form. 

MATERIAL 

In 174 cases (15 per cent) of a total scries of 1,161 cases of epilepsy studied at the Boston 
City Hospital between 1938 and 1942, either localizing symptoms or signs were observed on 
neurologic examination or an electroencephalographic focus was found. It is with these 174 
cases that the present report is chiefly concerned. The presumed “cause” of seizures in these 


Table 1. — Incidence of Focal Clinical Signs or Symptoms Among Cases With and Without 

Electroencephalographic Foci 




Cases Avith Focal Seizures or 



Localizing Clinical Signs t 


dumber of 


A — ^ 

Type of Electroencephalographic Focal Disorder *• 

Cases 

Kumber 

Percentage 

% to 2 per see. (slow 3) 

■1C 

35 

70 

18 to 22 per sec. (fast 2) 

11 

7 

C4 

Spikes 

45 

24 

53 

Petit mal variant 

10 

10 

53 

3 to C per sec. (slow 2) 

22 

10 

45 

Petit mai 

14 


21 

Low amplitude 

1 

1 

, , 

Psychomotor 

2 

2 

•• 

Total number with electroencephalographic focus 

ICO 

92 

58 

Total number without electroencephalographic focus.. 

1,001 

14 

1 

Total number of cases of epilepsy 

1,1C1 

100 

9 


* The meaning of the terms used in parentheses in this table, and in table 2, is explained in the legend 
to figure 10. 

t In every case ivith an electroencephalographic focus and clinical localizing signs or sjTnptoms, the 
Bite of the electroencephalographic focus vas in agreement with the clinical localization. 

cases was as follows : trauma, in 69 cases ; infection, in 20 cases ; i-ascular disease, in 14 cases : 
birth injury, in 12 cases, and developmental defects, in 4 cases. In 55 cases there 
was no evident cause for the seizures. Cases of brain tumor were not included because it 
was believed that such cases can be considered more profitably as a separate group. Special 
attention is given in the present report to the 160 cases in which electroencephalographic 
foci were present, and these cases are compared with the 14 cases in which clinical localizing 
signs or symptoms existed but no electroencephalographic focus was noted. 

METHOD 

The electrical activity of the left and right frontal, parietal and occipital cortex was 
recorded with a Grass six channel electroencephalograph. In some cases the activity of the 
temporal cortex \yas recorded also. All records Avere made with monopolar leads, the 
indifferent electrode being formed by interconnecting the two ear lobes. Monopolar leads 
were used because such leads, Avith six channel recording, gave the most comprehensive and 
easily interpreted record of both normal and abnormal activity. After long trial with both 
monopolar and bipolar leads, Ave found that Avith six channel recording .it is possible to 
localize abnormalities and differences in activity betAveen homologous areas at least as accu- 
rately Avith monopolar as Avith bipolar kads. In our experience, monopolar localization 

_ 10. Gibbs, E. L.; Gibbs, F. A., and Lennox, W. G. ; Electroencephalographic Classifica- 
tion of Epileptics and Controls, Arch. Neurol. & Psychiat., to be published. 
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(with a six channel instrument) was simpler and slightly more reliable than bipolar localiza- 
tion. Cortical disorder was considered focal only when it was consistently localizable to a 
given area. The general procedure and the type of electrode employed have been described 
elsewhere.®*' Patients were studied during their interseizure periods. Cortical activity was 
recorded for fifteen minutes; two minutes was allowed for overventilation and three minutes 
for recovery. 


L.F. 
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R P. 



R 0 
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Fig. 1. — Focus of irregular to 2 per second activity in the left occipital and parietal 

areas of a man aged 54. One year ago there occurred transient right hemiplegia and 
aphasia due to cerebral thrombosis, probably on the basis of cerebral arteriosclerosis. Gen- 
eralized convulsive seizures began nine months ago. No localizing neurologic signs were 
present at the time the record was taken. 

In this, and in figures 2 to 10, letters at the left indicate the left and right frontal, parietal 
and occipital leads. In the lower right corner are shown the deflection produced by 50 
microvolts and a time calibration of one second. 
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Fig- 2. — Focus of spike activity in the left parietal area of a girl aged 11. Birth was 
by forceps delivery, with considerable facial disfigurement. Convulsions involving the right 
side had occurred for the past two years. No focal neurologic signs were noted. 


RESULTS 

The 174 cases with either localizing symptoms or signs on neurologic exami- 
nation or an electroencephalographic focus fell into the following group : 14 cases 
with clinical localizing signs but Avithout any electroencephalographic focus ; 68 cases 
with an electroencephalographic focus but Avithout any symptoms indicating a 
localized lesion, and 92 cases AAuth an electroencephalographic focus and symp- 
toms or signs pointing to a localized lesion (table 1). In all the 92 cases last 
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R.F. 

L.P. 
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Fig. 3.— Focus of fast activity in the left parietal area of a girl aged 12 years. An injury 
to the head at the age of 2 years was followed in six months by right-sided convulsions, 
which continued with a frequency of six to ten per month, and by occasional petit mal 
seizures. The right arm and leg were weak. 
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AAAAAA^Jv^^vvA^^J^v4^^vw 

WvV\/\/\/vw/A^Xv^^ 
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Fig. 4. — Focus of grand mal discharges in the left parietal area of a girl aged 19 years, 
who had a severe head injury four months before this paper was written. In the last twentj'- 
four hours right-sided convulsions had appeared. At the time the electroencephalogram was 
taken the patient was in status epilepticus. 


n.F. 
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Fig. 5. — Focus of combined fast and J4 to 2 per second activity in the frontal area of a 
man aged 25. One year before this paper was written a failing weight had lacerated the frontal 
lobes and severed the optic nerves. Generalized convulsions started six months later. Bilateral 
optic nerve atrophy and right hemiparesis were present. 
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mentioned the site of the electroencephalographic focus was in agreement with 
the clinical localization. 

Examples of the various types of focal activity encountered in the electro- 
encephalogram are shown in figures 1 to 10. The abnormal activity which appears 
so definitely localized in these cases is the same as that which appears as non- 
localized in other cases. In other words, any type of seizure discharge or electro- 
encephalographic abnormality may be either focal or generalized. It is important, 
however, to recognize that certain types of disorder are more commonly localized 
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Fig. 6. — Focus of a petit mal variant type of activity in the left parietal area in a boy aged 
12 years. A minor head injury, sustained two years before this paper was written, was followed 
two months later by generalized convulsions, which continued with a frequency of two to six 
per year. No focal neurologic signs were noted. 
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R.F. 
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Fig. 7. — Focus of 3 to 6 per second Avaves in the right occipital area of a boy aged 11 
years. Two years before this paper was written he had sustained a minor injury to the head, 
without loss of consciousness. The first convulsion occurred six Aveeks later. Convulsions 
had become progressively more severe and frequent. They Avere preceded by a visual aura of 
dancing stars on a black background. Weakness of the left leg Avas noted. 


than others. This fact is clearly illustrated in figure 11, in Avhich the percentage 
incidence of localized electroencephalographic acti\dty of various types is con- 
trasted Avith the percentage incidence of generalized disorders. Many foci show 
mixed types of disorder. Such foci hai'e been classified according to whichever 
type of disorder predominated. 
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Fig. 8. — Focus of petit nial t 3 'pe of activity in the left parietal area of a boj' aged 13 years. 
A fracture of the left frontotemporal region of the skull, sustained two months before this 
paper was written, was followed two days later by generalized convulsions. These seizures 
continued at a frequency of two to three per week, with numerous petit mal attacks. 
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Fig. 9. — Focus of low amplitude activity in the left parietal and the left occipital area 
of a woman aged 41. Fracture of the left parieto-occipital area of the skull, seven j-ears 
before this paper was written, was followed by right-sided and generalized con\'ulsions a few 
months later, occurring with a frequenej'' of several seizures per month. The right side was 
mildly paretic. 
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Fig. 10. — Focus of psychomotor type of activity in the right parietal area of a man aged 20, 
with a history of asphyxia neonatorum. Weakness of the left arm was first noticed at the age 
of 1 3 'ear. He was late in walking. Left-sided seizures developed at the age of 12 j’ears, 
with an average frequency of one per month. Left hemiparesis was present. 
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In an analysis of the various types of electroencephalographic focal discharges, 
it was found that certain types were more often associated with clinical localizing 
signs than others, as shown in table 1. The highest association was noted when 
the electroencephalographic focal discharge was characterized by slow, irregular 
waves at the rate of 1 to 2 per second. A type of focal activity that was particularly 
stressed by Jasper,®’’ consisting of spike discharges, was found to be a little less 
commonly associated with localized clinical signs. The lowest association occurred 
in cases in which the focal discharge was of the petit mal, or 3 per second wave 
and spike, type. In table 2 it may be seen that no one type of electroencephalo- 
graphic focus is specific for a particular pathologic process ; the incidence of differ- 
ent etiologic factors does, however, tend to vary somewhat according to the type 
of the focus. 


29 % 



_ Fig. 11. — Distribution of electroencephalographic types of disorder in 160 cases of epilepsy 
with an electroencephalographic focus. The broken line indicates their distribution in the 
total series of 1,161 cases of epilepsy. P.M.V. indicates petit mal variant (2 per second 
wave and spike discharge) ; P.M., petit mal (3 per second wave and spike discharge) ; Psy., 
psychomotor (discharge of flat-topped, slow waves with a frequency of 2 to 4 per second, 
mixed with high voltage, 6 per second waves) ; S.3, very slow (fairly continuous yi to 3 per 
second) activity; S.2, slow (fairly continuous 3 to 6 per second) activitj'; S.l, slightly slow 
activit}’- (moderate amount below 8 per second) ; F.1, slightly fast activity (moderate amount 
above 12 per second) ; F.2, fast activity (great amount above 12 per second) ; Sp., spikes 
and single spike, and G.M., grand mal seizure discharge. The ^ and F categories are 
adjusted for age. Examples of various types of activity are shown in figures 1 to 10. For 
a more detailed description of this classification, see Gibbs, Gibbs and Lennox.^® 


COMMENT 

Since clinical evidence of localized damage to the brain was present in only 
1 per cent of the cases without an electroencephalographic focus and in 58 per 
cent of those with an electroencephalographic focus (table 1), it appears that such 
damage is particularly common in cases of epilepsy in which electroencephalographic 
foci are present. As Jasper has pointed out. the occurrence of seizures with an 
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electroencephalographic focus strongly suggests that the subject belongs to the 
group of epileptic patients who have seizures on an “organic basis,” whereas 
seizures occurring without an electroencephalographic focus suggest that the sub- 
ject belongs to the major group of epileptic patients who have seizures without a 
demonstrable “organic basis.” The former group is generally referred to as having 
“symptomatic” and the latter as having “idiopathic” epilepsy. 

Although there are Undoubtedly important differences between seizures with 
and seizures without recognizable lesions in the brain, the appearance of the 
same general types of abnormal electrical activity with each suggests that they 
have a similar neurophysiologic basis. However, the fact that certain types of 
abnormal actirnty are more frequentl}^ encountered in cases with known pathologic 
conditions of the brain than in cases without such lesions suggests that certain 
disorders of nerve cell physiology are more or less peculiar to certain types of 
nerve cell injuiy. 


Table 2. — Percentage Incidence of Various Eliologic Agents Among Cases with Different 
Types of Electroencephalographic Focal Activity 


Type of Focal Activity 


Trauma 

Infec- 

tion 

Vascular 

Disease 

Birth 

Injury 

Develop- 

mental 

Defect 

OauEO 

Unknown 

Total 

to 2 per sec. (slow 3).. 

Number 

23 

5 

6 

3 

0 

9 

46 


Percentage 

50 

11 

13 

6 

0 

20 

lOO 

S to 6 per see, (slow 2)... 

Number 

11 

2 

2 

1 

0 

6 

22 


Percentage 

50 

9 

9 

5 

0 

27 

100 

Spikes 

Number 

15 

S 

3 

2 

2 

18 

45 


Percentage 

33 

11 

7 

5 

4 

40 

ICO 

Psychomotor 

Number 

0 

0 

0 

1 

0 

1 

2 


Percentage 

0 

0 

0 

50 

0 

50 

100 

18 to 22 per see. (fast 2) 

Number 

6 

3 

0 

0 

1 

1 

11 


Percentage 

.... 55 

27 

0 

0 

9 

9 

100 

Petit mal variant 

Number 

3 

5 

2 

3 

0 

6 . 

19 


Percentage 

16 

26 

10 

16 

0 

32 

100 

Petit mal 

Number 

. . . . 5 

0 

0 

2 

1 

6 

14 


Pereentage 

36 

0 

0 

14 

7 

43 

100 

Low amplitude 

Number 

0 

0 

1 

0 

0 

0 

1 


Percentage 

0 

0 

ICO 

0 

0 

0 

100 

Total 

Number 

63 

20 

14 

12 

4 

47 

ICO 


Percentage 

30 

13 

9 

7 

3 

29 

100 


Localizing signs in the electroencephalogram correlate highly with the clinical 
localization, but since many areas of the cortex are clinically silent, i. e., give no 
localizing signs in spite of the presence of a lesion, it is to be expected that many 
electroencephalographic foci will be unassociated with clinical evidence of localized 
disorder. The size of a focus and its location might be expected to determine its 
chance of being associated with clinical localizing signs. It is true that in all 
cases in which the electroencephalographic focus involved an entire hemisphere 
clinical localizing signs were present; as might be expected, also, a focus near the 
central sulcus was more often associated with localizing clinical signs than one 
in the frontal lobe. The type of electroencephalographic examination employed 
in the present study is capable of localizing disorders only in the accessible cortex, 
i. e., the outer convexity of the cerebral hemispheres; deep lesions cannot be 
localized. Therefore, in cases in which the clinical signs and symptoms point to a 
deep lesion, and such cases were rare in this series, there will be a poor correlation 
with the electroencephalographic focus. While it is probably true that in some of 
the 14 cases of epilepsy with clinical localization but without a electroencephalo- 
graphic focus the lesion may have involved only deep structures, in no case was 
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this assumption definitely corroborated by the clinical evidence. In this series, 
failure to find a focus and discrepancies between the clinical and the electro- 
encephalographic localization were not usually explicable on the basis of the 
inaccessibility of the lesion. For example, in 4 of the 31 cases in which typical 
Jacksonian seizures of supposedly cortical origin occurred, repeated electroencepha- 
lographic examinations failed to reveal foci. Such failures are, for the most part, 
totally inexplicable and altogether disconcerting, but it is reassuring that the 
electroencephalographic focus was corroborative in 87 per cent of all cases with 
clinical localizing signs. This high degree of concordance is significant not only 
because it indicates the usefulness of electroencephalographic localization in cases 
of epilepsy, but because it tells something of the origin of seizures ; it indicates 
that they occur rarely from localizable lesions in the depths of the brain. 

A focus of electroencephalographic activity characterized by diminution in 
amplitude, as compared with the activity from the homologous area over the 
opposite hemisphere, was present in 1 case of cerebral hemorrhage. A focus of this 
type was described by Jasper, Kershman and Elvidge in cases of subdural 
hematoma. 

Except for minor differences in technic and nomenclature, the present study 
is in general accord with previous investigations b)^ Jasper and his collaborators. 
It provides a statistical basis for some statements that were heretofore only feebly 
supported, and since it presents data on a large number of uniformly classified 
cases, it is serviceable for estimation of those expectancies which underlie all 
valid diagnoses and prognoses. 

SUMMARY AND CONCLUSION 

Electroencephalographic studies were carried out on a random sample of 1,161 
epileptic patients. Simultaneous records from six cortical areas were made with 
monopolar leads. In 15 per cent, or 160 cases, electroencephalographic foci were 
found. In 58 per cent of these 160 cases clinical localizing signs were present, 
and in all these cases the clinical and electroencephalographic localizations were 
in agreement. A corroborating electroencephalographic focus was noted in 87 per 
cent of 106 cases with clinical localizing signs or symptoms. 

Clinical evidence of localized damage to the brain was fifty-eight times as com- 
mon in epileptic patients with electroencephalographic foci as in patients in whom 
the disturbance was generalized or absent. The same types of- seizure discharge 
or other electroencephalographic abnormality were encountered in cases with focal 
electroencephalographic activity as in cases with nonfOcal disorders. However, 
certain types of abnormality, notably irregular to 3 per second activity, spikes 
and 2 per second waves and spikes, were much commoner in focal than in non- 
focal records. The presence of one of these three types of abnormality is pre- 
sumptive evidence of localized damage to the brain. 

Boston City Hospital. 

11. Jasper, H. H. ; Kershman, J., and Elvidge, A.: Electroencephalographic Studies of 
Injury to the Head, Arch. Neurol. & Psychiat. 44:328-348 (Aug.) 1940. 
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Reid ^ noted that a beneficial effect was produced by weak galvanic stimulation 
of denervated frog muscle. He pointed out that “the application to the treatment 
of certain cases of paralysis was so obvious as to require no comment.” Langle}’’ - 
and Hartman, Blatz and Kilborn,® from work with rabbits, concluded that elec- 
trical stimulation did not appear to benefit denervated muscle. Chor and asso- 
ciates,^ in work with monkeys, likewise found that electrical stimulation, as well 
as passive movement and massage, was ineffective, up to a period of at least six 
weeks after denervation, in retarding atrophy and degeneration of the denervated 
muscle. Fischer,® using rats, demonstrated that electrical stimulation exerted a 
notable retarding influence on the loss in weight of denervated muscle. Such 
stimulation, Fischer observed, was accompanied by a distinctly higher degree of 
power in the denervated muscle and a slight decrease in the loss of birefringence, 
these effects, however, being of a lower order than the effect on loss of weight. 
Eccles ° and Hines " found electrical stimulation effective in preventing loss of 
weight and made certain interesting observations on the optimum duration of 
stimulation. Gutmann and Guttmann,® from experiments with denervated rabbit 
muscles, concluded that galvanic stimulation delays and diminishes muscular 
atrophy. The return of the muscle to its initial volume after reinneiwation was 
accelerated by such stimulation. These investigators also pointed out that treated 
muscles showed less fibrosis, larger fibers, more definite striation, better excitability 
and contractility on direct stimulation and stronger reflex action than untreated 
muscles. 

This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc. 

From the Departments of .Mathematics, Physiological Hygiene and Physiology, University 
of Toronto. 
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The experimental evidence summarized in the foregoing review weighs heavily 
toward the view that electrical treatment is effective in retarding the course of 
atrophy in denervated muscle. 

The present investigation was undertaken to determine the effect of variations 
in electrical stimulation on the reduction in atrophy of denervated muscle. An 
attempt was made (1) to compare the relative effectiveness of 25 cycle sinusoidal, 
60 cycle sinusoidal, faradic and galvanic currents and (2) to determine the 
optimum number and length of treatments. 

METHOD 

Albino rats weighing 150 to 200 Gm. were used. The same strain of rats has been used 
in experiments dealing with the denervation of skeletal muscles on a number of previous 
occasions,^ and the changes occurring in such muscles have been evaluated and found to 
occur with remarkable constancy. The animals received a full normal diet and were kept in 
individual cages. The gastrocnemius-soleus group of muscles was denervated on one side of 
each animal bj' excision of a small section of the sciatic nerve high in the thigh. Initially 


Table 1. — Factoi'ial Experhnenial Design 

Eactors Levels Symbols 


Xumber of treatment periods daily (1; 3; 6) 3 

Length of treatment (1 min.; 2 min.; 3 min.; 5 min.) 4 

Current type (galvanic; faradic; 60 cycle; 25 cycle) 4 


ai, as, ns 
bi, bs, bs, bi 
Cl, C2, C3, Cl 


Length of 
Treatment, 


Min. 

Type of Current 

1 

Galvanic 

Earadic 

60 cycle 

25 cycle 

2 

Galvanic 

Earadic 

60 cycle 

25 cycle 

3 

Galvanic 

Earadic 

60 cycle 

25 cycle 

5 

Galvanic 

Earadic 

60 cycle 

25 cycle 


Number of Treatment Periods Daily 

■ JL 


One 

Three 

Six 

aibiCi 

acbiCi 

asbici 

aibics 

asbics 

a3biC2 

aibics 

asbics 

asbiC3 

aibiCi 

a2biC4 

a3biC4 

aibsci 

a2b2Ci 

asbcci 

aibics 

a2b2C2 

a3b2C2 

aibscs 

a2b2C3 

a3b2C3 

aib2C4 

a2b2C4 

a3b2C4 

aibsCi 

a2b3Ci 

asbsci 

aibsCc 

acbscc 

a3b3C2 

aibsCs 

acbscs 

a3b3Cs 

aibsCi 

a2b3C4 

a3b3C4 

aibiCi 

a2b4Ci 

a3b4Ci 

aibiCs 

82b4C2 

a3b4C2 

aib4C3 

a2b4C3 

a3b4C3 

aib4C4 

a2b4C4 

a3b4C4 


alternate sides were denervated, but ultimately the selection of the limb to be denervated was 
made at random. The latter procedure resulted in approximately equal numbers of rats with 
denervation of the right leg and rats with denervation of the left leg and conformed to the 
statistical treatment accorded the results. 

In preliminary work the effects of a 25 cycle sinusoidal current were studied to determine 
the optimum number of stimulation periods each day and the optimum length of each stimu- 
lation period. Stimulation was accomplished with a current strength of 2.5 milliamperes. The 
intensity of the 60 cycle sinusoidal, faradic and galvanic currents was adjusted to equal that 
employed with the 25 cycle sinusoidal current and was maintained at this value for the 
duration of the experiment. The intensity was supramaximal for all but the late faradic 
stimulation. Observations on a small independent series of animals given supramaximal 25 
cycle and supramaximal faradic stimulation simply confirmed the results for the main series. 

Electrical stimulation of the limb was accomplished by placing the animal in a plaster of 
Paris cast fitted over the dorsal portion of the head and body. A sheet of transparent xylonite 

9. Solandt, D. Y., and Magladerj-^, J. W. : The Relation of Atrophy to Fibrillation in 
Denervated Muscle, Brain 63:255, 19'40; A Comparison of the Effects of Upper and Lower 
Motor Neurone Lesion on Skeletal kluscle, J. Neuroph 3 ’siol. 5:373, 1942. Magladerj', J. W., and 
Solandt, D. Y. : The Relation of Fibrillation to Acetj'lcholine and Potassium SensitiviU* in 
Denervated Skeletal Muscle, ibid. 5:357, 1942. Solandt, D. Y. ; Partridge, R. C., and Hunter, T. ; 
The Effect of Skeletal Fixation on Skeletal Muscle, ibid. 6:17, 1943. Solandt, D. Y. : Atrophj- 
m Skeletal Muscle. J. A. M. A. 120:511 (Oct. 17) 1942. 
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placed ventrally held the animal in the cast while it was being placed and clamped in position. 
To facilitate the handling of the animal during this procedure, light ether anesthesia^ was 
used. Electrical connections were made to the appropriate protruding leg through a clip on 
the skin of the thigh and another on the toes. Each animal received a five second period 
of stimulation, followed by a five second period of rest for a total period of one, two, 
three or five minutes. The durations of the periods of stimulation and rest were accurately 
controlled by a motor-driven commutator. Each experiment was conducted for a period of 
fourteen days, and stimulation in each case was started bn the third day after denervation. 

For the purpose of applying a standard statistical treatment to the weights of the dcnervated 
muscles obtained on the fourteenth day, a factorial experimental design was used, which is 
summarized in table 1. This design requires that each level of each factor, such as the 
number of treatment periods daily, the length of treatment and the type of current, be taken 
in combination with each level of every other factor. In this experiment the factors considered 
were as follows: 

Factors No. of Levels Symbols 

Number of treatment periods (1, 3, 6) 3 ai. ai, as 

Length of treatment (1 min.; 2 min.; 3 min.; 5 min.) 4 bi, b;, bs, bi 

Type of current (galvanic; faradic; 60 cycle; 25 cycle) . . 4 Ci, C:, Cs, Ci 

Thus, there were 4x4x3, or 48 distinct combinations. One rat was assigned to each 
combination, and although the treatment received by each rat differed from that received by 
every other rat, nevertheless comparisons of treatments could validly be made. For example, 
12 rats were assigned to each type of current. Differences in the responses of these sets of 12 
rats would presumably indicate differences resulting from the various types of current applied, 
because all other treatments were equally represented in each of these sets of 12 rats. A 
replication of the original number of observations assigned to the identical kind, length and 
number of treatments provided a total of 96 observations. The weight of the normal muscle 
was included as a covariant. 

RESULTS 

The weights of the normal and the denervated gastrocnemius-soleus muscle 
groups obtained for each combination of factors are set forth in table 2. When 
these values were submitted to a standard statistical analysis of variance and 
covariance, the values recorded in table 3 were obtained. Table 3 shows the 
sums of squares of deviations from the mean of the weights of the denervated 
muscles adjusted by covariance to a normal weight of 1.18 Gm. In this table, 
the “error” mean square, 48.08, shows the magnitude of the variation which 
results from the errors of the experiment, usually ascribed to chance. The symbol 
A stands for a comparison among themselves of the averages obtained for one 
application (aj, three applications (a,) and six applications (a-) daily. The 
mean square corresponding to A acquires its value from the differences in response 
to a^, a .2 and If these responses had been identical, this mean square would 
have the value zero. If the responses differed only through the errors of the 
experiment, the mean square should not differ greatly from that ascribable to such 
errors alone, that is, 48.08. Actually, the mean square corresponding to A is 
220.60, which is vastly greater than 48.08, as judged by an objective test, the 
analysis of variance test, and therefore must have resulted from real differences 
in response to a^, and ag. 

Exactly similar considerations apply to C. In the case of B, however, the 
mean square is not substantially greater than the “error” mean square. Hence 
there was no evidence in this experiment that variation in the length of treatment 
produced variation in response. 

Statistical Methods for Research Workers, Edinburgh, Oliver & Boyd, 
1934. Rider, P. R.: An Introduction to Modern Statistical Methods, New York, John Wiley 
& Sons, 1939. 
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The symbol of A X C represents the interaction of A and C, that is, the 
variation in the responses to a^, ao and ag, according as c^, Co, c. or c^ is employed 
and vice versa. 

Under “error” are included all interactions which involve the replication. 


Table 2. — Weights of Normal and of Denei'vated Muscle * Following Treatment Assigned 

in the Factorial Experimental Design 



• Sjenificant at the 1 per cent level, 
■f Signlflcant at the 5 per cent level. 


COMMENT AND CONCLUSIONS 

Table 4 exhibits most of the conclusions to be drawn from the factorial experi- 
ment. Similar tables made up for a and b and for b and c add nothing. 


owing 
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to the absence of effect of variations in the length of treatment. The 25 cycle 
current (c^) produced consistently the best results, and the 60 cycle current (Cj), 
consistently the second best results. Both types were distinctly superior to either 
the galvanic or the faradic current. No demonstrable difference was detected 
in the effect of the faradic and that of the galvanic current on retention of weight. 
Neither current performed consistently better than the other. This lack of con- 
sistency accounts for most of the inflation of the A X C interaction (table 3). 

The variation in the number of treatments given daily (aj, a^, ag) produced 
significant variations in response, and the effectiveness of the treatments increased 
with the number of treatments given daily. The retention of weight varied in an 
approximately linear manner with the number of treatments given daily, as is 
shown by the fact that the linear component accounts for 434.36 out of the total 
sum of squares of 441.21. (This linear component is calculated with regard to 
the numbers a^, a, and a,.j as being in arithmetical progression. Actually, a^ = 1, 
aj == 3 and ag = 6, and if this departure from arithmetical progression were taken 
into account, still more of the total sum of squares would be absorbed by the linear 
component.) A small supplementar}^ experiment seemed to show that this linearity 
extends beyond the range of number of treatments used in this series (one to 
six treatments daily). 

Table 4. — Weight of Dcnet~vaicd Muscle Adjusted to a Normal Weight of 1.18 Gm.* * 

ai a 2 03 Totals 


Cl 50 59 6o 60 

Cs 60 50 57 6S 

C3 63 64 69 65 

Cl 05 72 73 70 

Totals 61 63 06 03 


* Coefficient of regression of weight of denervatcd muscle on normal weight = 0.2483. 

Although the experiment would detect as significant differences in response 
of the order of 5 per cent of the normal weight, no sensible differences in result 
were obtained by varying the length of treatment. It appears, then, that the 
length of time assigned to the treatment is of no consequence, at least within the 
range investigated (one to five minutes). Eccles,® likewise, found the length of 
each .treatment to have little effect on the atrophy. 

In view of the fact that electrical stimulation does reduce the loss of weight 
of denervated muscles, the direct linear relationship between retention of weight 
and repetition of the periods of treatment appears reasonable. The lack of rela- 
tionship between duration of individual treatments and effectiveness is not so 
obvious. It is improbable that the shortest period used could cause appreciable 
fatigue and thus, in effect, be too long. Possibly the beneficial result was entirely 
due to improvement in the circulation to the muscle. Perhaps a specific increase 
in the venous return from the muscle was brought about. If improved venous 
return was the mechanism, a short period of maximal contraction would be as 
effective in reducing loss of weight as a prolonged contraction. 

Only two frequencies of sinusoidal current were tested. In these experiments 
a 25 cycle current gave better results than a 60 cycle current. The reason for 
the greater effectiveness of the lower frequency is not known. Possibly fatigue 
to the lower frequency differs from that to the higher. More probably the time 
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factors of excitation (Lapicque’s chronaxia) and accommodation (Hill’s lambda) 
of the muscle are such that there is a definite optimum frequency of stimulation,^^ 
which in the present case was probably in the neighborhood of 25 cycles. 

SUMMARY 

That electrical stimulation is effective in reducing the loss of weight of dener- 
vated muscle has been demonstrated conclusively by a number of workers. With 
electrical stimulation at maximal strength, the present experiments led to the 
following conclusions : 

1. Of the types of current tried, the 25 cycle alternating (sinusoidal) current 
produces the best results with respect to retention of weight, and the 60 cycle 
current is second best. 

2. Neither galvanic nor faradic current performs consistently better than the 
other. Both are inferior to the 25 and the 60 cycle sinusoidal current. 

3. The effectiveness of the treatments increases with the number of treatments 
daily. This relationship is apparently linear. 

4. No sensible differences in results are obtained by varying the length of the 
treatment within the limits employed (one to five minutes). 

University of Toronto. 

11. Hill, A. V.; Katz, B., and Solandt, D. Y. : Nerve Excitation by Alternating Current, 
Proc. Roy. Soc., London, s.B 121 : 74 , 1936. 



INTERACTION OF ELECTRIC SHOCK 
AND INSULIN HYPOGLYCEMIA 

EXPERIMENTAL INVESTIGATIONS 

E. GELLHORN, M.D., Ph.D. 

AND 

M. KESSLER, M.S. 

CHICAGO 

The present study is a further attempt to contribute to an understanding of 
the essential physiologic mechanisms set up electric shock and insulin hypogly- 
cemia. Our earlier investigation ^ showed that electrically induced convulsions 
excite in the unanesthetized rat the sympatheticoadrenal and vagoinsulin systems. 
However, the action on the vagoinsulin system is masked in the normal animal 
by the predominance of the excitation of the sympatheticoadrenal S3''stem, which 
causes hypergl3^cemia. 

Studies by one of us (E. G.), in collaboration with Ingraham, Moldavsky, 
Kiely, Kraines and Hamilton,- have suggested that hypoglycemia likewise produces 
increased excitability of the sympathetic medullary centers, since the reaction of 
the blood pressure to anoxia, as well as to carbon dioxide, is greatly increased 
during hypoglycemia. Moreover, the increased secretion of epinephrine during 
h3'poglycemia is well known.® That the effect is not restricted to the sympathetic 
division of the autonomic nervous S 3 ’Stem is evident from the fact that gastric 
secretion and motility are increased and the heart rate is diminished in insulin 
shock.'* 


This study was aided by a grant from the John and Mary R. Markle Foundation. 

From the Department of Phj'siology, the University of Illinois College of Medicine. 

1. Kessler, M., and Gellhorn, E. : The Effect of Electrically Induced Convulsions on the 
Vago-Insulin and Sympathetico-Adrenal System, Proc. Soc. Exper. Biol. & Med. 46:64-66, 1941. 

2. (a) Gellhorn, E. : Effects of Hypoglycemia and Anoxia on the Central Nervous Sys- 

tem, Arch. Neurol. & Psychiat. 40:125-146 (July) 1938. (b) Gellhorn, E.; Ingraham, R. C., 
and Moldavsky, L. ; The Influence of Hypoglycemia on the Sensitivity of the Central Nervous 
System to Oxygen Want, J. Neurophysiol. 1:301-312, 1938. (c) Ingraham, R. C., and Gellhom, 
E. : Role of Adrenals in Blood Pressure Reaction to Anoxia During Insulin Hj'poglycemia, 
Proc. Soc. Exper. Biol. & Med. 40:315-319, 1939. (d) Kraines, S. H., and Gellhorn, E. : The 
Effects of Insulin Hypoglycemia on the Blood Pressure Response to Oxygen Deficiency in 
Man, Am. J. Psychiat. 95:1069-1075, 1939. (e) Gellhorn, E. ; Kiely, W. F., and Hamilton, 

S. L. : Influence of Carbon Dioxide on the Excitability of the Vasomotor Center in Hypo- 
glycemia, Am. J. Physiol. 130:256-260, 1940. 

3. Cannon, W. B.; Mclver, M. A., and Bliss, S. W.; Studies on the Conditions of 
Activity in Endocrine Glands: XIII. A Sympathetic and Adrenal Mechanism for Mobilizing 
Sugar in Hypoglycemia, Am. J. Physiol. 69:46-66, 1924. Freeman, N. E.; Smithwick, R. H., 
and White, J. C. : Adrenal Secretion in Man: The Reactions of the Blood Vessels of the 
Human Extremity Sensitized by Sympathectomy to Adrenalin and to Adrenal Secretion Result- 
ing from Insulin Hypoglycemia, ibid. 107:529-534, 1934. Brandt, F., and Katz, G. : Ueber 
den Nachweis von Adrenalinsekretion beim Menschen; I. Die Insulinhypoglykamie Ztschr. 
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If it is true that electric shock and Itypoglycemia produce predominantly an 
excitation of the sympathetic centers, it must be assumed that conditions which 
permit the interaction of these factors will bring the sympathetic effects into great 
prominence. The experiments described in this papei were designed to test this 
hypothesis. It was decided, therefore, to study the effect of electric shock at 
normal blood sugar levels and during insulin hypoglycemia. 

The experiments were performed on adrenodemedullated rats for two reasons. 
First, insulin coma is induced with greater regularity and with smaller doses of 
insulin in the demedullated animal than in the normal one. Second, it was thought 
that the action of electric shock on the sympathetic centers under the aforemen- 
tioned conditions could be better evaluated if the effect of sympathetic stimulation' 
on the blood sugar was eliminated. Since a rise in blood sugar will promptl}^ 
cause disappearance of all symptoms of hypogl3^cemia, the excitation of the sym- 
patheticoadrenal system by electric shock will terminate the coma through restora- 
tion of the normal blood sugar. Under these conditions the effect of the sympathetic 
stimulation, if aii}'-, would be obscured. As indicators of the effect of insulin hypo- 
glycemia and of electric shock were chosen the electroencephalogram and the 
behavior of the rats, the blood sugar and, finall}^, the "heart rate. 

METHOD 

From male rats, weighing 250 to 300 Gm., the medulla of both adrenal glands was removed, 
and the animals were used one or more weeks after the operation. ' The electroencephalogram 
was obtained by means of phonograph needles inserted in the skull (Hoagland), and the 
electric shock current was applied through the same electrodes. Power for the shock was 
obtained from a General Electric variable autotransformer set at 40 volts and delivering a 
current of 30 milliamperes for one to two seconds.^ Insulin ® was injected intraperitoneally 
(5 units per kilogram of body weight), and at the height of hypoglycemic coma (usually 
forty to sixty minutes after the injection of insulin) the electric shock was applied and its 
action on the electroencephalogram, the general behavior and the pulse rate was studied. The 
blood sugar was determined according to the method of Shaffer and Hartman or of Hoffman.’’ 
The values obtained with the latter method are about 30 mg. per hundred cubic centimeters 
higher than those obtained with the former. 

RESULTS 

Effects of Electric Shock on the Electroencephalogram of Rats . — Numerous 
experiments performed on normal and on adrenodemedullated rats showed uni- 
form changes in the clinical picture, as well as in the electroencephalogram, after 
electric shock. The first stage was characterized by tonic-clonic convulsions, fol- 
lowed by a catatonic state, in which the rat could be maintained in an abnormal 
posture for several minutes. Hereafter, a gradual return to normal locomotion 
and behavior took place. During the commlsions the electroencephalogram showed 
spikes of high amplitude characteristic of seizures. They were followed by a period 
of complete or almost complete silence. Then the potentials were gradually restored 
to normal during the next ten to sixt}”- minutes. The alpha potentials were at 

Electrocardiographic Changes During Hypogb'cemia and Anoxemia, Endocrinology 24:536-541, 
D39. Dworkin, S.: Insulin and Heart Rate After Sympathectom}' and Vagotomy, Am. J. 
Physiol. 86:311-320, 1931. 

5. Gellhorn, E., and Kessler, M. : The Effect of Hvpoglvcemia on the Electroencephalo- 
gram at Varying Degrees of OxTgenation of the Blood, Am. J. Physiol. 136:1-6, 1942. 

rnett, V.; Kessler, M., and Gellhorn, E. : The Role of the Adrenal Cortex in Preventing 
Hypoglycemic Convulsions, ibid. 137:653-657, 1942. Kessler and Gellhorn.’ 

6. The insulin was supplied by Eli Lilly & Co.. Indianapolis. 

7. Hoffman, V . S. : Photelometric Clinical Chemistrv. Xew ''I'ork. William ^^orrow & 
Co., 1941. 
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first low and attained the normal amplitude after several minutes. In some 

instances they were normal in three minutes, but in a few cases their amplitude 

was still diminished sixty minutes after shock, when the behavior of the rat was 
normal. Most characteristic was the occurrence of delta potentials after the 

period of complete silence. As a rule they appeared before the alpha potentials 

and decreased in amplitude gradually, while the alpha potentials came more and 
more into prominence. In no instance was the amplitude of the alpha potentials 
increased above the normal level. 

Figure 1 shows the electroencephalogram before (J) and shortly after (2) 
application of the electric shock. The large potentials in the first half of the record 
coincide with the end of the convulsive period. Record 2 illustrates the period 

[30/i/v 'isec.' 


2 


4 
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Fig. 1. — Effect of electric shock (40 volts; 30 milliamperes) on the electroencephalogram 
of the rat. Record 1 was made before shock; records 2 to 7 were obtained one-half, three, four 
and a half, seven and twenty minutes respectively after shock. 

of almost complete silence which follows the period of convulsions. This stage 
is succeeded by the stage shown in record 4j in which the delta potentials become 
prominent. In the next period the alpha potentials have returned to a considerable 
extent, although their amplitude is low. A few minutes later a record (6) was 
obtained in which the delta potentials had again become more prominent. Such 
a recurrence of delta potentials was not infrequent. The final record (7) shows 
the reestablishment of normal potentials. At this time the rat appeared normal. 
Removal of the medulla of the adrenals did not alter the effect of electric shock- 
on the electroencephalogram and the behavior of the animal. 

Effect of ElecU-ic Shock on Hypoglycemic Rats . — In order to evaluate the 
effect of electric shock on hypoglycemic . rats it was necessary to study the action 
of insulin hypoglycemia in control experiments. In general, it was found that 
the adrenodemeclullated rats when given an injection of 2 to 5 units of insulin per 
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kilogram of body weight showed hypoglycemic convulsions in forty to sixty 
minutes and died shortly after the onset of convulsions unless dextrose was admin- 
istered. If in the state of maximal hypoglycemia a very small amount of dextrose 
was injected intraperitoneally, coma persisted and convulsions were prevented. 
Under these conditions the electroencephalogram showed the typical hypoglycemic 
picture. If the animal was kept in this condition for one hour or more, the 
subsequent injection of an adequate amount of sugar, although leading to distinct 
hyperglycemia, failed to bring about recovery. 

In the experiment illustrated in figure 2, 12 mg. of dextrose injected during 
insulin coma permitted the animal to remain in coma for almost an hour and kept 
the blood sugar at a low level. No convulsions occurred during this time. The 
electroencephalogram showed a decline of both the alpha and the delta potentials 

['50yuv 'isec' 
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Fig. 2. — Effect of prolonged insulin c 

10: 05 a. m.: 5 units of insulin per kilogram of 
body weight. 

Record 1. — 10:53 a. m.: Coma. 

Blood sugar level 58 mg. per 
hundred cubic centimeters. 

11:08 a.m.t Intraperitoneal injection of 5 
mg. of dextrose. 

Record 2. — 11:10 a. m.: Coma. 

Record 3. — 11:14 a. m.: Coma. 

Record 4. 11:23 a. m.: Coma, blood sugar 54 

mg. per hundred cubic centimeters. 

The experiment shows progressive deterioration 
prolonged coma maintained at a constant level o 


ma on the adrenodemedullated rat. 

11:25 a. m. : Intraperitoneal injection of 7 
mg. of dextrose. 

Record 5. — 11:28 a. m.: Coma. 

Record 6. — 11:46 a. m.: Coma. 

11:48 a. m.: Blood sugar 58 mg. per hun- 
dred cubic centimeters; 14 mg. of dextrose 
injected intraperitoneally. 

ll:S/i a. m.: Coma; 420 mg. of dextrose in- 
jected intr.iperitoncally; coma continued. 

12:25 a. m.: Con'vulsions; animal died. 

of the electroencephalogram of an animal in 
the blood sugar. 


dining this period. At the beginning of the coma (1) large delta potentials were 
interspeised among normal alpha waves. At the end of the coma (6) even the 
slow potentials w'ere small, and there were relatively long periods with little or no 
electiical actiUty. These changes seemed to indicate gradual deterioration of 
cerebral function, since injection of an adequate amount of dextrose failed to 
relieve coma and the electroencephalographic abnormalities. Finally, the animal 
died in convulsions. 
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On the basis of these control experiments, investigations were carried out in 
which at the height of the hypoglycemic symptoms convulsions were produced 
by the application of an electric shock to the head. Successful experiments were 
performed on 13 adrenodemedullated rats, in which the electric shock led to com- 
plete or almost complete recovery from the coma. It is noteworthy that in only 
2 of these rats did the blood sugar rise above coma levels. In all the others the 
level of the blood sugar remained practically unchanged. This is understandable 
in view of the fact that- hyperglycemia results from electric shock in the normal 
but not in the adrenodemedullated rat. This statement is apparently valid for the 
adrenodemedullated rat in the hypoglycemic state. 

The interesting observation that electric shock may cause recovery from hypo- 
gtycemic coma without alteration in the low level of the blood sugar is based not 
only on the behavior of the animals but on electroencephalographic records. The 
record obtained from the first rat (fig. 3 A) shows that coma was observed when 
the blood sugar had fallen to 62 mg. per hundred cubic centimeters.® Nineteen 
minutes after the onset of coma (i) the electroencephalogram showed large, slow 
delta waves interspersed with occasional alpha waves. Then convulsions were 
induced electrically. After they had disappeared, both grossly and in the electro- 
encephalographic record, the characteristic period of almost complete silence 
appeared in the electroencephalogram (4). Records obtained nine and twenty- 
one minutes later showed that the delta potentials, which were very large prior to 
the electric shock, were now relatively infrequent and smaller in amplitude and 
that alpha potentials had reappeared and had gradually increased in amplitude 
(compare 6 and 5). With the reappearance of a nearly normal electroencephalo- 
gram the behavior of the rat had changed fundamentally. Whereas prior to the 
application of the electric shock the righting reflex was completely absent, it was 
seen later (ten minutes after the shock) that the rat made a slight attempt to 
right itself when placed on its back, and during the taking of record 6 it appeared 
perfectly normal in spite of the fact that the blood sugar reading at that time was 
completely unchanged. 

The second set of records (B) in figure 3 shows the typical development of the 
electroencephalographic symptoms of insulin hypoglycemia, characterized by large 
delta potentials. After electric shock an electroencephalogram was obtained in 
which the delta potentials were far less prominent. Such slight delta potentials 
as appeared in record 6 are frequently seen in normal rats. Comparison of record 
6 with record 1, obtained prior to the injection of insulin, shows that the normal 
electroencephalogram has been reestablished to a considerable degree, although in 
this experiment the clinical recovery was less than in the preceding observation. 
No spontaneous locomotion was observ'ed, but the righting reflexes, which had 
disappeared prior to the electric shock, were at least partially restored. Here, 
again, the blood sugar remained unchanged at a coma level in spite of the partial 
restoration of cerebral function. 

The third set of records (C) illustrates, again, the far reaching restoration of 
the electroencephalogram and the behavior of the rat to normal after electric 
shock, although the blood sugar was at a still lower level than was observed in the 
first two experiments shown in figure 3. 

Figure 4 illustrates a type of recovery which was somewhat different from 
that shown in figure 3. During coma {!) the electric activity was slight, con- 
sisting of slow waves occurring at regular intervals. We have frequently observed 


8. Determined by the method of Hoffman. 
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this type of electroencephalogram as the only sign of electric activity when the 
animal was in deep coma. After the electric shock there was a reappeaiance of 
distinct alpha waves, as well as periods of large potentials in the form of spindles, 
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Fig. 3. — Effect of electric shock on the electroencephalogram and the behavior of adrenode- 
medullated rats in hypoglycemic coma. 


S" units of insulin per 


Set a . — 2: SO p. m. 
gram of body weight. 

Record 2. — 3: 50 p. m.: Coma. 

3: 53 p. m. : Blood sugar 62 mg, per hunt 
cubic centimeters. 

Record 3.— 4: 09 p. m.: Coma. 

4; 10 p. m.: Electric shock. 

Record 4. — 4:14 p. m.: Coma. 

Record a.— 4: 23 p. m.:_ Partial righting refle: 

®®“avior almost normal. 

4: 31: Blood sugar 62 mg. per hundred c 
centimeters. 

Record <5-— 4:35 p.m.: Behavior normal. 

10 p m.: S units of insulin per ] 
gram of body weight. 

Record 1.— 1 ; 30 p. m.: Rat normal. 

Record 2.— 1: S9 p.m.: Coma. 


Record 3 . — 2: 14 p.m.; Coma. 

2: 16 p.m.: Slight convulsion. 

2: 18 p.m.: Electric shock. 

2: 25 p. m.:_ Blood sugar 62 mg, per hundred 
cubic centimeters. 

Record 4. — 2:26 p.m.: Coma. 

Record 5. — 2:35 p.m.: Partial righting reflex. 
Record 6 . — 2:45 p.m.: Partial righting reflex. 

2: 50 p.m.: Blood sugar 62 mg. per hundred 
cubic centimeters. 

Set C. — 9:28 a. m.: 5 units of insulin per kilo- 
gram of body weight. 

Record 1 . — 10: 10 a. m. 

Record 2. — 10:30 a. m.: Coma. 

10: 30J^ a. m.: Electric shock. 

Record 3.-y-10: 39 a. m.: Blood sugar 54 mg. per 
hundred cubic centimeters. 

Record 4. — ll:a. m.: Rat normal; blood sugar 58 
mg. per hundred cubic centimeters. 
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similar to those occurring during anoxia” and.sleepd” In this experiment, also, 
there was clinical recovery associated with improvement in the electroencephalo- 
gram in spite of the persistence of a very low blood sugar level. 

The experiments illustrated in figures 3 and 4 make it clear that electrically 
induced convulsions may bring about either partial or complete recovery in hypo- 
glycemic animals in spite of unchanged low levels of the blood sugar. The 
degree of recovery varies somewhat with different animals, and there was no com- 
plete parallelism between the electroencephalographic and the clinical recovery. 
These observations indicate that mechanisms are activated during the electrically 
induced convulsions which greatly improve the function of the brain. Our 
studies suggest that spontaneous convulsions may have a similar effect. 

It Avas stated earlier that when adrenodemedullated rats are given injections 
of an adequate amount of insulin, hypoglycemic coma occurs and is followed by 
convulsions, which usually result in death unless dextrose is injected immediately. 
We have, however, observed occasionally a somewhat different course, which is 
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Fig. 4. — Effect of electric shock on the electroencephalogram of a adrenodemedullated rat in 
hypoglemic coma. Five units of insulin per kilogram of body weight was injected. 

Record 1 . — Coma, one hour after injection of Record 5. — Ten minutes after shock, 

insulin; blood sugar 32 mg. per hundred cubic cen- Record 6 . — Eighteen minutes after shock, 

timeters. Record 7. — Twenty-six minutes after shock; blood 

Record 3 . — Two minutes after shock. sugar 30 mg. per hundred cubic centimeters. 

Record 4 . — Five minutes after shock. 

In this experiment remarkable recovery of the electroencephalogram and the behavior 
occurred, in spite of continued coma levels of the blood sugar. The blood sugar levels were 
determined according to the method of Shaffer and Hartman. 


interesting in view of the recovery obtained with electrically induced convulsions. 
An example of this reaction is presented in figure 5, in which is shown the effect 
on the electroencephalogram not only of the gradual developrnent of hypoglycemia 
but of the convulsions which- followed the coma. Record 9 shows that imme- 
diately after the period of convulsions, which lasted about four minutes, the 
electroencephalogram was almost normal. During this time the animal was quiet 
and shoAved some clinical recovery. Thereafter the conA'ulsions reappeared; the 

9. This type was regularly observed by us in rats subjected to a low oxygen tension by 
lowering of the barometric pressure to 200 mm. of mercury. 

10. Bremer, F. ; Cerveau “isole” et physiologic du sommeil, Compt. rend. Soc. de biol. 
118:1235-1241, 1935; Quelques prorietes de I’activite electrique du cortex cerebral “isole” 
ibid. 118:1241-1244, 1935. 
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alpha potentials were greatly reduced in size; slow waves and spikes appeared, 
and, finally, the electrical activity disappeared almost completely. The animal 
died shortly afterward. This experiment shows that insulin convulsions may, to 
a certain extent, temporarily induce recovery, although the effect was never as 
distinct and lasting as that in hypoglycemic rats subjected to convulsions induced 
by electric shock. 
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Fig. S. — Effect of spontaneous convulsions on the electroencephalogram of an adrenode- 
medullated rat. 


Record i.— Control; blood sugar 110 mg. per 
dred cubic centimeters. 

1: 17 p. m.: Subcutaneous injection of 2 i 
of insulin per kilogram of body weighi 

2 .p. m. ; Blood sugar 82 mg. per 
dred cubic centimeters. 


Record 3 . — 2: 19 p. m.; 
pain; no righting reflex; 
hundred cubic centimeters. 


Animal insensitive to 
blood sugar 52 mg. per 


Record 4 . 2; 31p.m.: Deep coma; blood sugar 


S3 mg. per hundred cubic centimeters. 

Record 5. — 2:37 p. m. ; Deep coma. 

Record 6 . — 2:38 p. m. : Some convulsive jerks. 
Record 7 . — 2 : 42 p. m. : Intermittent clonic con- 
vulsions. 

Record S. — 2:42 p. m.; Tonic convulsions. 

Record 9. — 2:43 p. m. : No convulsions; electro- 
encephalogram nearly normal. 

Record 10 . — 2:50 p. m.: Further convulsions. 
Record 11 . — 2:55 p. m. : Animal died. 
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The question arises as to the means by which cortical function may be restored 
by electrically induced convulsions in spite of the fact that hypoglycemia remains 
unchanged. Two fundamental possibilities must be considered. It may be assumed 
that electrically induced convulsions may set up impulses in the central nervous 
system which greatly alter the excitability of the cortex and the rest of the brain. 
Or, electric shock may act on sympathetic centers in the hypothalamus and the 
medulla and thus improve circulatory conditions in the brain. It is conceivable 
that in either case considerable improvement in cortical function may occur in 
spite of the persistence of low blood sugar levels which prior to the electric shock 
regularly produced coma. Since previous experiments have shown that electric 
shock, as well as hypoglycemia, alters the excitability of the autonomic centers 
and increases the concentration of epinephrine in the blood, it may be thought 
that the centers involved in this reaction may stimulate the cortex and restore its 
excitability. 

That afferent stimuli may alter cortical activity in hypoglycemic coma was 
shown bv IMoruzzi.^- He demonstrated that even after spontaneous cortical activ- 
ity had disappeared during hypoglycemia potentials could be evoked by afferent 
stimuli. It is unlikely, however, that stimuli of this type could ever be potent 
enough to restore normal cortical potentials for many minutes in spite of con- 
tinued hypoglycemia. It seems more likely, therefore, that the restoration of 
cortical function is associated with improvement in the utilization of oxygen by 
the brain in spite of persistent hypoglycemia. 

Since the experiments were performed in the presence of relatively large quan- 
tities of insulin in the blood and since it has been shown that the utilization of 
oxygen is directly related to both the blood sugar level and the amount of insulin 
circulating in the blood, it may be assumed that in insulin hypoglycemia optimal 
conditions exist for the utilization of the small amounts of dextrose which are 
available at the coma-producing blood sugar level. It is unlikely, therefore, that 
stimulation of the sympathetic system would further improve the utilization of 
dextrose. A discussion of the possible role of epinephrine may be omitted since 
the experiments were performed on adrenodemedullated animals. Inasmuch as 
the dextrose uptake of the brain, other conditions being equal, depends on the 
amount of blood flowing through the brain per unit of time, the possibility must 
now be considered that the blood flow through the brain is increased after electric 
shock. Although actual determinations of the influence of electric shock on the 
blood flow in hypoglycemic rats could not be made, studies on the pulse rate under 
these conditions reveal a striking, and as we believe significant, change in sympa- 
thetic excitability, which is bound to affect the excitability of the brain. 

A series of experiments were performed on normal, adrenodemedullated and 
adrenalectomized rats, to determine the effect of electric shock on the pulse rate. 
Electrocardiographic records were obtained by the same amplifier which was used 
for the recording of the electroencephalograms. The effects were similar in all 


11. For full discussion of the literature, see Gellhorn, E. : Autonomic Regulations: Their 
Significance for Physiology, Psychology and Neuro-Psychiatry, New York, Interscience Pub- 
lishers, Inc., 1943. 

12. Moruzzi, G.: fitude de I’activite electrique de I’ecorce cerebrale dans I’hypoglycemie 

insulinique et dans differentes conditions modifiant le metabolism des centres Arch internet 
de physiol. 48:45-101, 1939. ’ 

13. Evans, C. L. ; Grande, F., and Hsu, F. Y. : The Glucose and Lactate Consumption of the 

Dog’s Heart, Quart. J. Exper. Physiol. 24:347-363, 1935. Soskin, S., and Levine, R.: A Rela-' 
tionship Between the Blood Sugar Level and the Rate of Sugar Utilization, Affectino- ihe 
Theories of Diabetes, Am. J. Physiol. 120:761-770, 1937. “ 
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three groups and consisted of a rapid fall in pulse rate for one or two minutes, 
after which the pulse frequency was gradually restored to the original level or 
to a rate slightly below it. The practical identity of the results obtained on normal 
and on adrenodemedullated rats indicates clearly that the secretion of epinephrine 
is not a factor in the alteration of the pulse rate under our experimental conditions. 

Experiments were then performed in which the effect of electric shock on the 
pulse rate was observed in rats in hypoglycemic coma. The results, which are 
seen in figure 6, show that whereas the pulse rate decreases temporarily as a 
result of electric shock in normal rats, it increases in hypoglycemic animals sub- 
jected to electric shock. It is worthy of note that although hypoglycemic rats 
show a decreased frequency of the heart as compared with the frequency at a 
normal blood sugar level, the heart rate of such animals after electric shock is 
distinctly above the minimum seen in normal rats. The failure of hypoglycemic 
rats to respond to electric shock with a fall in heart rate is therefore due not 
to an already maximal excitation of the vagus nerve but to a change in autonomic 
balance and a decided increase in sympathetic excitability, which is present even 
at the late stage of hypoglycemia, at which apparently parasympathetic discharges 



Fig. 6. — Effect of electric shock on the pulse rate of adrenodemedullated rats both with 
the blood sugar at a normal level and during insulin coma. Each graph is the average 
results obtained on 6 rats. The solid line indicates values for adrenodemedullated rats with 
normal blood sugar levels ; the broken line, the values for adrenodemedullated rats in insulin 
coma. 


become prominent. The increased sympathetic excitability is also apparent from 
the fact that the pulse rate of hypoglycemic animals after electric shock rises even 
above the normal pulse rate of untreated animals. 

It is obvious that the considerable increase in pulse rate which persists for 
some time after the administration of electric shock to hypoglycemic animals must 
be an important factor in the inci'ease of the rate at which the blood flows through 
the brain. This reaction, possibly in conjunction with other sympathetic responses 
(rise in blood pressure through vasoconstriction), appears to be the main cause 
of the recovery of cerebral function in hypoglycemic animals subjected to electric 
shock. 

COMMENT 

It was pointed out in 1938 by one of us (E. G.) that the feature common 
to the various forms of “shock therapy” is their excitation of the sympathetic 
centers. This effect appears to be of significance, since schizophrenic patients 
show a diminished response to stimuli involving reactions of the sympathetic cen- 
ters and exhibit improvement in this response when the treatment results in definite 
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benefit.^^ In the light of these observations and interpretations, it is of interest 
to point out that a combination of electric shock and insulin coma produces gieatly 
increased excitation of sympathetic centers and, according to some authors, gives 
better therapeutic results. The fact demonstrated in these experiments that 
electric shock combats insulin coma effectively, even in adrenodemedullated rats, 
in which the blood sugar level is not raised, has been interpreted to mean that 
cerebral circulation is improved after electric shock. In support of this interpre- 
tation is our experimental observation that electric shock increases the pulse rate 
(and possibilit}^ the blood pressure) when applied to adrenodemedullated animals 
with hypoglycemia, although it slows the heart rate when applied to rats with a 
normal blood sugar. 

It is further worthy of note that rats kept in insulin coma for one hour fail 
to recover after administration of an adequate amount of dextrose, although the 
blood sugar rises. On the other hand, rats may be kept at the same coma level 
for the same period without harm provided that they are “treated” with electric 
shock. Not only do these animals show temporary recovery after electric shock, 
but they present no signs of permanent impairment. 

It was mentioned earlier that the occurrence of spontaneous convulsions during 
hypoglycemia leads, in some instances, to temporary improvement of cerebral 
functions. Apparently, S3mipathetic discharges elicited during spontaneous con- 
vulsions improve the circulation in the brain for a short time. 

Our investigations throw a new light on the effect of anoxia when induced 
during insulin hypoglycemia. McQuarrie and collaborators observ'ed in the 
dog, and Gellhorn, Packer and Feldman^® confirmed for the rabbit, that injection 
of convulsant doses of insulin failed to induce either coma or convulsions when 
the animal was subjected to a prolonged period of anoxia, although the blood sugar 
level was even lower than that in control animals given injections of insulin alone. 
The failure of the blood sugar to rise in response to anoxia was adequately 
explained by the observation that epinephrine loses its glycogenolytic effect on the 
liver after prolonged anoxia.^' It was not explained, however, Avhy under the 
combined influence of anoxia and hypoglycemia the animals remained normal 
although the blood sugar was at a coma level. 

Since it has been shown in the present paper that hypoglycemic coma may be 
terminated, without alteration of the blood sugar level, by a procedure (electric 
shock) which, through excitation of the sympathetic nervous system, improves the 
circulation in the brain, it is of interest to inquire whether this mechanism may 
not be responsible for the absence of hypoglycemic symptoms in animals subjected 
to insulin hypoglycemia and prolonged anoxia. This explanation seems, indeed, 
to be valid, since the pressor effect induced by anoxia increases with the fall in 
blood sugar (Gellborn, Ingraham and Moldar'^sky -'^). We haA’^e evidence, there- 
fore, that anoxia, as Avell as electric shock, causes increased sympathetic dischai-ges 
during hypoglycemia, Avhich Avill improve the circulation in the brain through 
increasing the systemic blood pressure. In experiments in Avhicb animals are 


14. Jessner, L., and Ryan, V. G.: Shock Treatment in Psychiatry, New York Grune & 

Stratton, Inc., 1941. ’ 

15. McQuarrie, I.; Ziegler, M. R.; Stone, W. E.; Wangensteen, O. H., and Dennis, C. : 
Mechanism of Insulin Convulsions : III. Effects of Varying Partial Pressures of Atmospheric 
Gases After Adrenalectomy, Proc. Soc. Exper. Biol. & Aled. 42:513-514, 1939. 

16. Gellhorn, E.; Packer, A., and Feldman, J.: Studies on Hypoglycemic and Anoxic 
Convulsions, Am. J. Physiol. 130:261-267, 1940. 

17. Gellhorn, E., and Packer, A.: Studies on Hypoglycemia and Anoxia, Am I PhvQi'nl 

129:610-617, 1940. ' 
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subjected to insulin hypoglycemia and prolonged anoxia, the greatly increased 
sensitivity of the vasomotor center to anoxia effectively counteracts the influence 
of hypoglycemia, while in the experiments described in this paper the hypoglycemic 
action seems to be offset by electric shock through the rise in pulse rate, which is 
probably attended by similar changes in cardiac output and blood pressure. 

It may, therefore, be said that under the influence of increased sympathetic 
discharges, elicited either by anoxia or by electric shock, the functions of the 
brain may remain normal in spite of coma-producing levels of the blood sugar. 

SUMMARY 

Electric shock (40 volts and 30 milliamperes) applied for one or two seconds 
to unanesthetized rats causes tonic-clonic convulsions, followed by a period of 
“catatonia” and gradual recovery. After the potentials associated with convulsions 
the electroencephalogram shows a period of silence. Thereafter delta potentials 
appear, while alpha potentials either are reduced in size or are absent. Gradually 
the alpha potentials recover and the delta potentials disappear. 

Hypoglycemia induced by the injection of 5 units of insulin per kilogram of 
body weight leads to coma and typical changes in the electroencephalogram (delta 
potentials and reduction or absence of alpha potentials). Animals not given injec- 
tions of dextrose die in coma or convulsions. If hypoglycemia is maintained by 
administration of small amounts of dextrose, the duration of the coma may be 
prolonged, but the animals fail to recover on the injection of adequate amounts of 
dextrose in spite of hyperglycemia. 

After electric shock has been applied to adrenodemedullated rats in a hypo- 
glycemic state, a surprising recovery is observed. The coma disappears; the ani- 
mals show normal behavior, and the electroencephalogram returns to normal in spite 
of the fact that the blood sugar remains unchanged at its coma level. These results, 
suggesting increased utilization of dextrose, appear to be due to an increased blood 
flow through the brain. This interpretation is supported by the fact that the pulse 
rate is increased by electric shock in the hypogl 3 '^cemic animal, whereas it is 
decreased in the normal animal. The experiments give additional proof of the 
greatly increased excitability of the sympathetic centers in hypoglycemia. 

The theoretic and practical consequences of these observations are discussed. 

1853 West Polk Street. 



STUDIES ON THE CORPUS CALLOSUM 

IX. RELATIONSHIP OF THE GRASP REFLEX TO SECTION OF 
THE CORPUS CALLOSUM 

ANDREW J. AKELAITIS, AI.D. 

WILFORD A. RISTEEN, M.D. 

AND 

WILLIAM P. VAN WAGENEN, M.D. 

ROCHESTER, N. Y. 

The grasp reflex is a flexor response of the digits to stimulation of the palm or 
to stretching of the flexor tendons of the hand. It occurs normally in infants and 
pathologically in adults with lesions of the frontal lobe predominantly. Schuster 
and Casper ^ attempted to explain this phenomenon as an absence or interruption 
of the inhibitory pathway which normally suppresses reflex grasping. This 
hypothetic pathway is bilateral in its origin and arises from the medial surface 
of the superior frontal convolution and the g}'rus cinguli. The fibers pass back- 
ward to the level of the central area, some passing directly to the prerolandic 
area of the homolateral hemisphere and others crossing in the corpus callosum to 
terminate in the central area of the opposite side. Schuster and Casper ^ and 
Schuster and Pineas - reported the occurrence of forced grasping in patients with 
large tumors of the corpus callosum. Wilson ® spoke of the occasional appearance 
of forced innervation in cases of callosal lesions. Richter and Hines ^ and Kennard 
and Watts ° were unable to find forced grasping or groping after section of the 
corpus callosum in monkeys. 

The present paper is concerned with the study of 30 cases of epilepsy in which 
the corpus callosum was partially or completely sectioned.® In 5 of these severe 
hemiplegia was present and the cases could not be used in this study. In 22 of the 
remaining 25 cases the grasp reflex was absent after operation. The 3 cases in 
which a transient unilateral grasp reflex was present after operation are reported 
in detail. 

This study was aided by grants furnished by the Ernest L. Woodward Fund and the 
John and Mary R. Markle Foundation. 

From the Department of Medicine, Division of Psychiatry (Dr. Akelaitis), and the Depart- 
ment of Surgery, Division of Neurosurgery (Drs. Risteen and Van Wagenen), University of 
Rochester School of Medicine and Dentistry, and the Clinics of the Strong Memorial and 
Rochester Municipal Hospitals. 

1. Schuster, P., and Casper, J.: Zwangsgreifen und Stirnhirn, Ztschr. f. d. ges. Neurol, 
u. Psychiat. 129:739, 1930. 

2. Schuster, P., and Pineas, H.: Weitere Beobachtungen uber Zwangsgreifen und Nach- 
greifen und deren Beziehungen zu iihnlichen Bewegungsstorungen, Deutsche Ztschr f Nervenh 
91:16, 1926. 

3. Wilson, S. A. K.: A Contribution to the Study of Apraxia, with a Review of the 
Literature, Brain 31:164, 1908. 

4. Richter, C. P., and Hines, M.: The Production of the “Grasp Reflex” in Adult 

Macaques by Experimental Frontal Lobe Lesions, A. Research Nerv & Ment Dis Proc 
(1932) 13:211, 1934. ' ■ . 

5. Kennard, M. A., and Watts, J. W.: The EiTect of Section of the Corpus Callosum 
on the Motor Performance of Monkeys, J. Nerv. & Ment. Dis. 79:159, 1934. 

6. Van Wagenen, W. P., and Herren, R. Y.: ^ Surgical Division of Commissural Pathways 

in the Corpus Callosum : Relation to Spread of an Epileptic Attack, Arch Neurol & Psvchiat 
44:740 (Oct.) 1940. - ‘ • j • 
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REPORT OF CASES ^ 

Case 1 (case 15 8).— E. jj., a stock clerk, married, aged 51, was admitted to the Strong 
Memorial Hospital on March 26, 1940. For the past four years he had been subject periodically 
to grand mal seizures, which usually occurred in series (status epilepticus). One week before 
admission he began to have seizures and at the time of admission was having an attack every 
fifteen minutes. Each seizure began with a cry, adversive movements to the left, with the 
eyes in left conjugate deviation, and tonic movements of the left arm, followed by general- 
ized muscular twitchings. The seizure lasted usually about three minutes, and in the intervals 
he was paraphasic and confused. The attacks ceased the next day, but paraphasia continued 
until March 30. He remained confused and showed psychobiologically a reaction typical of a 
patient with diffuse organic disease of the brain, that is, disturbances in the sensorium, mental 
capacity and intellect. The physical and neurologic status was normal on April 2. He was 
right eyed, right handed and right footed. 

Ventriculograms taken in 1937 and on March 28, 1940 revealed nothing abnormal. 

Operation . — On April 6 the corpus callosum was sectioned completely except possibly for 
a few fibers in the tip of the splenium. A large vein entering the longitudinal sinus from 
the right frontal lobe was ligated. The cortex showed considerable atrophy, especially toward 
the frontal pole. Microscopic study of a piece (1 cm. in diameter) of cortex from area 9 of 
Brodmann on the right side disclosed diffuse loss of nerve cells throughout the third, fifth 
and sixth laj’^ers, and with Cajal’s silver stain numerous argentophilic bodies were evident 
within nerve cells and lying free in the parenchyma. No senile plaques were visible in 
Braunmiihl preparations. These changes were suggestive of Pick’s atrophy. 

Postoperative Course . — The postoperative course was stormy and complicated. For the 
first two days the patient was semicomatose, and on the fourth postoperative day the left 
hand grip was very weak and the left leg limp. During the first week he rarely moved the 
left side of his body. Although the tendon reflexes were active and equal bilaterally, plantar 
stimulation resulted in a dorsal extensor response of the left big toe. Sensory studies were 
unsatisfactory because of the patient’s apprehensiveness and confusion, but it was evident after 
repeated examinations that hyperesthesia prevailed over the left side. 

Ten days after operation the neurologic status was normal except for astereognosis and an 
ideokinetic type of dyspraxia in the left hand. Definite forced innervation and occasional 
groping were observed in the left hand. The patient was unable to write with a pencil 
placed in his left hand. When he was requested to transfer the pencil from the left hand 

to the right, he grasped the pencil with the right hand but could not take it out of his 

tightly clenched left fist. Finally, he succeeded in pulling the pencil out but proceeded to 
make repeated groping movements with the left hand. When he was asked to transfer the 
pencil from the right hand to the left, no evidence of forced innervation in the right hand 
occurred. When he was asked to squeeze hands, the pressure in the left hand seemed episodic, 
but he released the grip when told to do so. Asked to make a fist with the left hand, he was 

unable to do so, even though he imitatively clenched his right hand repeatedly. If the right 

hand was not restrained, he invariably placed his right forefinger against the palm of the left 
hand, and the fingers closed adequately to form a fist. He had no difficulty in removing the 
forefinger, and no forced innervation was observed when the examiner’s fingers were used as 
a stimulus. However, if a pencil or other inanimate object was employed as a stimulus, forced 
innervation became evident, and the more one attempted to pull the object out, the greater the 
grasp became. Stroking the surface of the dorsum of the hand simultaneously with the palmar 
stimulation or after the grasping had occurred had no effect on the grasp. The only successful 
method of retrieving the grasped object was to distract the patient’s attention by conversation 
or the performance of some task with his right hand. He easily acquired a “catastrophe 
reaction,’ ^ and when he was fatigued he was apt to become confused. Later in the morning 
he showed no difficulty whatever in eating bread from his left hand. The forced innervation 
and occasional groping movements in the left hand were present sporadically for the following 
ten days, associated with astereognosis and tactile alexia. The former was invariably precipitated 
or aggravated by confusion and fatigue. 

7. These cases have been reported in greater detail in a previous paper.® The case 
number in parentheses will identify the case. 

8. Akelaitis, A. J. ; Risteen, W. A.; Herren, R. Y., and Van Wagenen, W. P. : Studies 
on the Corpus Callosum: III. A Contribution to the Study of Dyspraxia and Apraxia Follow- 
ing Partial and Complete Section of the Corpus Callosum, Arch. Neurol. & Psychiat 47*971 
(June) 1942. 

term employed by Goldstein (Goldstein, K. : The Organism, New York, American 
Book Compan}’-, 1939) to denote the disordered responses in subjects undergoing studv. 
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Beginning on April 30 and continuing for three days, numerous right-sided seizures occurred, 
which°left him with right hemiplegia and aphasia. At this time no forced innervation or 
groping was noted in the left hand, and he was able to eat with this hand fairly well. The 
aphasia and hemiplegia cleared in one week, and a slight tendency to hold on to objects with 
the right hand was observed ; the left hand showed no forced innervation. He left the hospital 
on May 9 When he was seen in August 1940, the neurologic status was normal except for 
dysdiadokokinesis in the left hand when the hands were tested simultaneously and questionable 
hypesthesia (tactile and vibration senses) over the right lower extremity. The psychiatric 
status showed disturbances in calculation and defects in recent memory and immediate retention. 
These defects were no more pronounced than before operation. 

Case 2 (case 16 8).— C. $., a IS year old girl of borderline intelligence, was admitted to 
the Strong Memorial Hospital on Jan. 4, 1940. Left hemiplegia developed during an attack 
of “encephalitis” at the age of 15 months. As a result of physical therapy and reeducation 
she was able to knit and sew fairly well, but had never succeeded at typing or piano playing 
because of the awkwardness in the left hand. Petit mal seizures began at the age of S years, 
and grand mal seizures had been present since the age of 11 years. The physical status was 
good. Neurologic examination disclosed residual left hemiplegia, with some atrophy, slight 
spasticity, an infrequent Babinski response and occasional athetoid movements on the left 
side. Careful sensory studies revealed a normal status. The Binct level was 12 years and 
4 months (intelligence quotient 81). Laterality studies revealed left ocular dominance, right 
handedness and right footedness. 

Opcralion . — On January 22 a right frontoparietal craniotomy was performed, and the corpus 
callosum was completely sectioned. The cortex of the right hemisphere showed a moderate 
degree of atrophy. 

Course . — For the first four days the left side was immobile and the hand grip weak, 
the patient complained of numbness and hypesthesia to all modalities was evident on the left 
side. On the fifth postoperative day a striking grasp reflex appeared in the left hand when 
the examiner attempted to raise her by the hands. However, stroking of the palm with the 
finger or pencil produced no grasping, but tension on the flexor tendons invariably did. She 
showed difficulty in touching her nose or scratching the back of her neck with the left hand 
on request but did so without any effort when these areas were tickled. She showed awkward- 
ness in any requested movement with her left hand, and definite ideokinetic dyspraxia in 
this hand was noted. Sensory studies revealed disturbances of all modalities over the left 
side. Nine days after operation forced innervation was marked in the left hand; frequently, 
when she tried to release her grasp she gripped the examiner’s hand with greater intensity. 
Usually she loosened her grip when distracted. However, stretching of the flexor tendons of 
the left hand did not result in grasping. It was frequently observed that she fingered the call 
string easily and showed no tendency to forced innervation in this activity. This forced inner- 
vation, along with sensory disturbances, continued to exist until her discharge, on March 4, 
1940. However, she could use a fork in her left hand while eating and manipulated the 
wheel chair with both hands without difficulty. 

When she was seen in August 1940 (seven months after operation) no forced innervation 
was evident, and she could write with her left hand. Sensory disturbances prevailed in the 
left arm but were less pronounced than during her early postoperative stay in the hospital. 

Case 3 (case 14®). M. L. P., a 10 year old white girl, was admitted to the Strong 
Memorial Hospital on March 12, 1940. Psychobiologic development was normal up to the age of 
3 years, when she was struck over the left parietal region by a falling object. Two weeks 
later status epilepticus developed, and on her awakening, aphasia, right hemiplegia and external 
strabismus were observed. The strabismus improved, and she talked again after two months. 
The hemiplegia improved, and on admission she exhibited a slightly spastic gait and some 
clumsiness in her right hand. Six months before admission she began to have petit mal attacks. 

The physical status was good. Neurologic examination revealed defective vision in the 
left eye (3/60), right homonymous hemiamblyopia, left external strabismus and residua of 
right hemiplegia, with increased motor tonus, exaggerated deep reflexes and a positive Babinski 
sign on the right side. The sensory' status, including two point discrimination and stereognosis, 
was normal. She performed various tasks surprisingly well with her right hand but could 
not shuffle playing cards. Laterality studies disclosed right ocular dominance, left handedness 
and left footedness. 

Laboratory Studies.— An encephalogram disclosed hydrocephalus of the left lateral ventricle 
and shifting of all ventricular structures to the left. Electroencephalograms showed 6 per 
second delta waves, with an amplitude of 15. to 20 microvolts, over the left parietal region 
and occasional delta waves, with an amplitude of less than 10 microvolts, from the right frontal 
% and temporocentral regions. 
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Operation . — On March 29, 1940 a right frontoparietal craniotomy was performed and the 
corpus callosum sectioned almost completely except for the posterior O.S cm. The left fornix 
was divided. 

Course . — On the patient’s awakening from the anesthesia bilateral grasp reflexes were 
observed. The following day (March 30) motor strength was good bilaterally, and a grasp 
reflex was elicited only in the right hand. She tended to hold onto the examiner’s hand or 
an inanimate object with her right hand. When she was asked to squeeze hands, the pressure 
in the right hand was episodic, and when she was asked to release her grip, not infrequently 
she would continue to squeeze with greater force. Stroking of the dorsal tendons had no 
effect on the degree of forced innervation. Generally distraction of the patient’s attention 
resulted in 'immediate relaxation of the right hand grip. Stretching of the flexor tendons did 
not result in grasping. This forced innervation in the right hand was present irregularly 
for one month after operation. On April 4 she wrote with either hand, but perseveration 
was observed in the left hand. Perseveration continued irregularly in her conversation and in 
the performance of tasks for one month after operation. Throughout this period she handled 
a fork in her right hand as efficiently as before operation and manipulated her wheel chair 
successfully. In spontaneous tasks forced innervation never seemed to be evident in the right 
hand. 

One month after operation and at the last examination (Oct. 7, 1941) no evidence of forced 
innervation in the right hand was elicited. Astereognosis has continued to exist in the right 
hand, even though two point discrimination and interpretation of skin writing remain intact. 


COMMENT 

The common aspects of all 3 cases should be discussed first. In each case 
evidence of cerebral damage was present before operation. In case 1 clinical and 
anatomic changes were suggestive of Pick’s atrophy. In case 2 there was a 
history of encephalitis at the age of 15 months, with the development of left 
hemiplegia. Clinically the patient presented signs of residual hemiplegia, and at 
operation the cortex of the right hemisphere showed a moderate degree of atrophy. 
In case 3 right hemiplegia developed after status epilepticus and a head injury at 
the age of 3 years, and at the time of admission clinical and laboratory evidence 
pointed to a moderately extensive lesion of the left hemisphere. The interesting 
feature in cases 2 and 3 was the predominant involvement of the anterior portion 
of the hemisphere unilaterally. In 2 cases reported elsewhere (cases 1 and 2 
evidence of unilateral damage to the posterior portion of the hemisphere was 
presented, but a grasp reflex did not follow complete section of the corpus callosum. 
In case 1 in the present study the atrophy was apparently diffuse and progressive 
and presumably involved both hemispheres. At operation, so far as the field 
of operation allowed visual inspection, the atrophy was most evident toward 
the frontal pole. From this discussion it is evident that the limb contralateral to the 
damaged hemisphere showed no grasping reflex or forced innervation at the time 
of operation, the response having been suppressed by the inhibitory pathway in 
the corpus callosum arising from the opposite, or intact, hemisphere. After 
complete section of the corpus callosum, as in case 2, or almost complete section, 
as in cases 1 and 3, this inhibitory pathway was destroyed and the reflex grasping 
released. These observations tend to substantiate the hypothesis of Schuster and 
Casper.^ 

The possibility of added damage at operation to an alread}^ impaired hemisphere 
must next be considered. In cases 1 and 2 the craniotomy was performed contra- 
lateral to the extremity which showed the grasp reflex. The early postoperative 
clinical findings further suggested that added injury may have occurred. For 
example, in case 1 there were evidence of hyperesthesia and a positive Babinski 

10. Akelaitis, A. J. : Studies on the Corpus Callosum: V. Homonymous Hemiamblyopia 
(Honionymous Defects for Color, Object and Letter Recognition) Before and After Section 
of the Corpus Callosum, Arch. Neurol. & Psychiat. 48:108 (July) 1942. 
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sign on the left side, which were temporary, and in case 2 sensory changes, consist- 
ing of hvpesthesias and paresthesias in the left arm, were associated with increased 
motor paresis. These signs strongly suggest the presence of added damage to 
the right hemisphere in both cases. In 3 cases reported elsewhere (cases 11, 12 
and 13 -) in which clinical and/or anatomic evidence of operative damage to 
the anterior portion of the hemisphere was present, paresis and a kinetic type 
of dyspraxia occurred, but no grasping reflex was ever noted in the contralateral 
limb. Of course, this comparison is of questionable value, in view of the fact that 
in the 2 cases here reported the injury may have been slighter or may have 
involved different cortical areas. However, in case 3 of the present series, in 
which a right craniotomy was performed, the grasp reflex occurred in the homo- 
lateral (right) hand, and not in the left, after operation. It is probable that the 
appearance of the grasp reflex in the subordinate hand in all 3 cases resulted 
primarily from the section of the corpus callosum. These observations are contra- 
dictory to tbe experimental results of Kennard and Watts,® who not only did not 
find forced grasping when the corpus callosum was sectioned in the intact macaque, 
but showed that in a unilateral or bilateral premotor preparation in which forced 
grasping had disappeared, section of the corpus callosum did not cause the symptom 
to return. 

The difficulty in the relaxation of contracted muscles was accompanied by 
dyspraxic manifestations in each case. In cases 1 and 2 an ideokinetic type of dys- 
praxia prevailed, whereas in case 3 the dyspraxia was kinetic. In all 3 cases 
difficulty was experienced in opening the clenched fist when it was empty. Wilson 
and Walshe^^ and Walshe and Robertson^- stressed this point, in the belief that 
the factor of apraxia is of utmost importance in this phenomenon. In case 1 a 
peculiar differentiation was observed. The patient would continue to hold on to 
any inanimate object placed in his left hand when he was requested to loosen his 
grasp on it, and any effort to pull it out forcibly resulted in increased clenching. 
Yet he had no difficulty in releasing his grip when the examiner’s finger was placed 
in the left palm, and even learned to make a fist with his left hand by using his 
right index finger as a palmar stimulus. This phenomenon surely suggests a higher 
type of reaction than would occur in purely reflex behavior. In cases 2 and 3 no 
such differentiation in reactions occurred. 

In all 3 cases there was profound difficulty in making a fist voluntarily. In 
cases 1 and 2 the patient made repeated fists with the normal hand, looking from 
the intact hand to the dyspraxic hand and expressing perplexity and irritation over 
the inability to do with the left hand what could be done so easily with the right. 
In all probability this disturbance was a manifestation of dyspraxia. 

A third interesting point in the behavior of the three patients was that in 
ordinary, more or less spontaneous acts, such as eating or manipulating the wheel 
chair, no forced innervation occurred in the “defective” hand so as to interfere 
with these activities. This behavior further suggests the presence of dyspraxia. 
Attention probably plays a definite, but variable, role in this phenomenon, as 
stressed by several workers, especially Wilson and Walshe and Schlesinger.’® 
Schlesinger mentioned Fulton’s observations that forced grasping disappeared in 
some of his animals at feeding time. 


11 Wlson, S. A K., and Walsh^ F. M. R.: The Phenomenon of “Tonic Innervation” 
and Its Relation to Motor Apraxia, Brain 37:199, 1914. 

nf 5'> S' Observations upon the Form and Nature 

1940^' Fo*’ced Grasping and Disturbances of Attention, J. Ment. Sc. 86:827. 
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SUMMARY 

In 22 cases of epilepsy in which the frontal lobes were relatively intact, partial 
and complete section of the corpus callosum did not result in forced innervation or 
forced grasping. 

In 3 cases of chronic unilateral lesions involving the anterior portion of the 
hemisphere, partial- or complete section of the corpus callosum resulted in the 
temporary appearance of forced grasping in the contralateral hand. This was 
associated with an ideokinetic dyspraxia in 2 cases and with exaggeration of a 
preoperative kinetic dyspraxia in the third case. 

CONCLUSIONS 

In the presence of a chronic lesion involving the frontal lobe, grasping move- 
ments can be temporarily released in the contralateral hand after section of the 
corpus callosum. 

There may be a close relation between forced grasping and dyspraxia. 


260 Crittenden Boulevard. 



EXPERIMENTAL SWELLING OF THE BRAIN 

S. OBRADOR 

AND 

J. PI-SUNER 

MEXICO, MEXICO 

The occurrence of local swelling or edema of the cerebral cortex following a 
lesion is well known. Aside from this localized disturbance, generalized swelling 
of the brain is occasionally observed in the course of some neurosurgical procedure, 
such as operation on the pituitary region, and may also be produced experimentally 
by lesions of the midbrain (Le Beau and Bonvallet ^). We have studied this type 
of experimental swelling of the brain following lesions of the floor of the fourth 
ventricle and the medulla. 

METHOD 

Sixty-six adult dogs were used in this series. All the e.xperiments were carried out with 
the animals under anesthesia induced with soluble pentobarbital U. S. P. To observe the 
volume of the brain one or two trephine windows (1 to 1.5 cm. in diameter) were made in 
the parietal region, and the dura was opened. Craniotomy was made in the region of the 
posterior fossa to expose the cerebellum, the fourth ventricle and the medulla. In some 
experiments the cerebellum was completely removed in order to uncover the region of the 
fourth ventricle. Compression or lesions at different levels of the fourth ventricle and 
medulla were made. In addition to observations on the brain volume, made through the 
cranial windows, records of the blood pressure and respiration were taken. 

To study the cerebral circulation, samples of arterial and cerebral venous blood were 
taken simultaneously from the femoral arterj' and the e.xternal jugular vein respectively, 
and their oxygen contents were determined by the Van Slyke method. 

The water content of the cerebral tissue was determined by drying small samples of gray 
and white matter for several days in an oven at 60 C. until a constant weight was obtained. 
Separation of the gray and the white matter was carried out immediately after removal of 
the brain. 

All the experiments were acute and lasted only one to three hours. 

' RESULTS 

Vasomotor Responses and Cerebral Szvclling . — It is already well known that 
in the medulla and the fourth ventricle there are centers or mechanisms that 
participate in the regulation of the level of the blood pressure and that through 
these regions run descending vasomotor pathways from higher centers. In a 
previous publication - we reviewed the literature concerning the localization of vaso- 
motor responses in the region of the fourth ventricle. 

Compression, lesion or complete section of the floor of the fourth ventricle 
gives rise to vasomotor responses and usuall}'^ to slowing dowm or complete 
cessation of respiration. The type of response varies with the level involved. 
Usually localized compression or section at the lower end of the floor of the 
fourth ventricle gives rise to a decided increase in blood pressure. Sometimes 
there appears the opposite effect, i. e., a fall in blood pressure; this is especially 

From the Laboratorio de Estudios Medicos y Biologicos, Facultad de Medicina de Mexico. 

1. Le Beau, J., and Bonvallet, M.; Oedeme aigu du cerveau par lesion du tronc cerebral, 
Compt. rend. Soc. de biol. 127:126, 1938. 

2. Obrador, S., and Pi-Suher, J. : Respuestas vasomotoras por excitacidn mecanica del 
suelo del IV ventriculo, Ciencia 3:63, 1942. 
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frequent when the section is through the upper part of the floor of the fourth 
ventricle. In other cases the vasomotor responses are mixed, with an initial fall 
in blood pressure and a secondary rise. 

A lesion in the lower end of the floor of the fourth ventricle gives rise usually 
to swelling of the cerebral cortex. Sometimes the swelling appears quickly, and 
in a few seconds there is herniation of the cortex through the observation window. 
In other experiments the development is slower and less pronounced; there are on 
the whole great differences in the degree of presentation of the cerebral swelling. 

Table 1. — Oxygen Content of Arterial and Cerebral Venous Blood Before and After 

Lesions in the Floor of the Fourth Ventricle 




Oxygen Content, 

per Cent 


Experiment 


, ^ 

\ 

Arteriovenoui 

Kumber 


Arterial Blood Venous Blood 

Difference 

47 

Before the lesion 

22.40 

18.62 

3.78 



21.81 

17.15 

4.66 


After the lesion 

20.10 

19.33 

0.77 



20.84 

17.62 

3.22 

48 

Before the lesion 

18.91 

17.12 

1.79 



19.20 

17.51 

1.69 


After the lesion 

19.10 

18.00 

1.10 



19.81 

18.42 

1.39 

49 

Before the lesion 

19.81 

16.74 

3.07 



19.52 

17.00 

2.52 


After the lesion 

20.10 

18.34 

1.76 



20.32 

18.71 

1.61 

50 

Before the lesion 


18.90 

2.60 



21.80 

19.10 

2.70 


After the lesion 


18.00 

2.60 

51 

Before the lesion 

22.C0 

17.40 

5.20 



22.30 

17.90 

4.40 


After the lesion 

21.90 

18.00 

3.90 



22.40 

18.40 

4.00 

52 

Before the lesion 


15.80 

2.80 



10.20 

16.00 

8.20 


After the lesion 

ID.CO 

15.90 

3.10 



19.40 

16.20 

3.20 

53 

Before the lesion 

21.40 

18.60 

2.80 



21.00 

19.40 

1.60 


After the lesion 

20.80 

18.50 

2.30 



21.20 

18.70 

2.50 

54 

Before the lesion 


16.50 

2.80 



19.20 

16.80 

2.40 


After the lesion 


17.40 

3.00 



20.80 

17.90 

2.90 


The appearance of the swelling generally is simultaneous with the rise in blood 
pressure, and therefoi'e lesions with a notable vasopressor effect are accompanied 
more often and regularly by the development of cerebral swelling. However, 
lesions of the fourth ventricle with a vasopressor effect do not always produce 
swelling, and sometimes several lesions are necessary for an increase in brain 
volume to become evident. 

Although the presentation of cerebral swelling is usuall}^ initiated by an increase 
in blood pressure, there is not afterward a correlation between the level of the 
blood pressure and the swelling of the brain. The effects of the lesion on the 
blood pressure are only temporary, and after several minutes the pressure returns 
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to its previous level or there is a gradual and steady fall. Generally the swelling 
of the brain, once it is established, persists for several hours, even if the blood 
pressure falls to a very low level. There is, therefore, persistent swelling of the 
brain completely independent of the level of the blood pressure. 

Cerebral Circulation and Vascidar Factors . — The sudden and rapid develop- 
ment of cerebral swelling following a lesion of the fourth ventrkle and the usual 
simultaneous increase in blood pressure suggest a vascular origin. 

We took the arteriovenous difference in oxygen content of the blood as a 
measurement of the cerebral circulation. All the animals were placed under artifi- 
cial respiration from the beginning of the experiment to avoid possible changes in 
oxygen supply. Control samples of arterial and venous blood were taken at an 
interval of ten to fifteen minutes before the lesion was made. Then we made the 
lesion or section of the lower part of the fourth ventricle, which produced a vaso- 
pressor effect and cerebral swelling. The next samples of blood were taken about 
ten minutes after the lesion was made and as soon as the blood pressure had fallen 
to the original level, in order to avoid the secondary effects of the increase of 
blood pressure on the cerebral circulation. Ten or twenty . minutes later the last 
samples of blood were taken. 

The results of these experiments appear in table 1. In the majority of the 
animals there was no great change in the arteriovenous difference in the oxygen 
content of the blood. In a few experiments there seemed to be a tendency to a 
diminution of such arteriovenous difference, indicating a possible increase in blood 
flow through the brain. However, marked swelling of the brain can appear with- 
out any pronounced change in the cerebral circulation, as shown by the method used. 

Cerebral swelling after lesions of the fourth ventricle can be produced in 
animals with ligature of both carotid arteries. Tying off of the carotid arteries 
does not influence appreciably established swelling of the brain. 

The vasopressor drugs, such as epinephrine and solution of posterior pituitary 
U. S. P., may increase temporarily the cerebral swelling by the effect on the blood 
pressure. The action of ergotamine tartrate was studied because this drug seems 
to have a vasoconstrictor action on the cerebral blood vessels (Schmidt and 
Hendrix®). The intravenous injection of small (0.2S mg.) and repeated doses 
did not produce any obvious change in the cerebral swelling. 

Water Content of Cerebral Tisstie.—We determined the fluid content of the 
brain tissue in animals with lesions of the fourth ventricle, in normal dogs under 
the same experimental conditions and in animals in which an increase in brain 
volume was obtained with intravenous injections of great quantities of distilled 
water (50 to 100 cc. per kilogram of body weight). The results are summarized 
in table 2. For the control animals, the average figure was 78.4 per cent for the 
gray matter and 66.9 per cent for the white matter. The dogs with cerebral 
swelling due to a lesion of the fourth ventricle had an average water content of 
79.8 per cent for the gray matter and 68.8 per cent for the white matter, i. e., 
higher values than those for the normal animals. These figures are identical with the 
average values of 79.8 and 68.9 per cent for the gray and the white matter respec- 
tively of animals given intravenous' injections of distilled water. It seems, there- 
fore, that there is a certain increase in the water content of the brain with swelling 

3. Schmidt,' C. F., and Hendrix, J. P.: The Action of Chemical Substances on Cerebral 
Blood Vessels, A. Research Nerv. & Ment. Dis., Proc. (1937) 18:229, 1939. 
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produced by lesion of the fourth ventricle and that this increase is similar in degree 
to that observed after intravenous injection of large amounts of hypotonic solutions 
(distilled water). 

' Effect of Hypertonic Solutions on Cerebral Swelling . — In 9 experiments we 
tried the effect of intravenous injections of hypertonic solutions of sodium chloride 
or dextrose. Such a solution decreased the swelling of the brain in 6 animals until 
it completely disappeared and the normal pulsatory movements of the brain were 
recovered. In some experiments, after removal of the swelling by a hypertonic 
solution, production of a new lesion brought back the swelling, which again was 
removed with another injection of a hypertonic solution. 

Histologic Study . — The brains of our dogs with acute swelling of the brain 
caused by a lesion of the fourth ventricle were studied histologically by Dr. Nieto. 
No changes in the nerve cells, nerve fibers, myelin sheaths, neuroglia or microglia 
were observed. The only constant alteration was dilatation of the perivascular 
spaces. The short duration of these experiments evidently did not allow the 
development of further morphologic changes. 


Table 2. — Wafer Content of the Gray and the White Matter of the Brain of Dogs Under 

Different Experimental Conditions 


Experiment 

Gray Matter 

White Matter 


^umber 


1 



1 


Observations 

/ — 


, „ ^ 

t 



25 . 

77.1 


78.1 

73.3 


1 


26 

80.2 


78.4 

70.3 


69.1 1 


27 

79.6 


78.8 

66.4 


67.0 1 

Cerebral swelling due to lesion of 

29 

80.1 


80.5 

67.0 


6/. 8 1 

fourth ventricle in each expert- 

37 

80.5 


80.3 

70.9 


1 

mental animal 

57 

81.4 


81.3 

69.6 


69.0 1 


58 

78.5 


78.7 

67.2 


67.4 J 


40 

80.0 


79.8 

67.2 


67.2 1 


46 

55 

79.4 

76.0 


79.7 

76.0 

68.2 

66.8 


63.4 1 

f 

Control, without lesion 

61 

78.2 


78.2 

64.7 


66.1 j 


32 

79.2 


79.4 

69.8 


1 


33 

80.4 


80.2 

70.8 


70.8 1 

Intravenous injection of dis- 

56 

77.2 


80.1 

67.8 


63.2 1 

tilled water ' 

60 

81.3 


81.1 

67.8 


07.2 J 



COMMENT 

The swelling of the brain which we observed after lesions of the floor of the 
fourth ventricle seems to have an initial vascular origin. The lesion produces 
generalized vasomotor disturbances and, together with them, cerebral swelling. 
Although we did not see frequently any great changes in the cerebral circulation 
shortly after the lesion, a vascular factor (vasomotor paralysis or vascular con- 
gestion) must be taken into consideration to account for the rapid development 
of the swelling. Another possible factor is an increase in vascular permeability, 
^ but this should act more slowly. Bonvallet and Le Beau * observed that a solu- 
tion of trypan blue did not pass through the capillaries of the brain with acute 
swelling due to a lesion of the midbrain. We have also carried out experiments 
in which we failed to observe diffusion of dyes to the cerebral tissue of brains with 
acute swelling. An increase in vascular permeability has often been postulated 
with regard to the pathogenesis of cerebral swelling or edema. Although the 
method of estimating the water content in small samples of nerve tissue may be 

4. Bonvallet, !M., and Le Beau, J. : Nouvelles remarques sur I’oedeme aigii experimental 
du cerveau, Compt. rend. Soc. de biol. 131:1128, 1939. 
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criticized (Pilcher®; Shapiro and Jackson®; White, Vcrlot, Selverstone and 
Beecher"), nevertheless it seems to show an increase of water in the swollen 
brain, and this can be considered proof of dilTusion of fluid through the cerebral 
capillaries. There is also evidence of an increase of water in the white matter of 
edematous areas associated with brain tumors ( Stewart- Wallace ®), and we have 
seen such an increase in the white matter of samples of cerebral tissue collected at 
operation in cases in which severe swelling of the brain had developed. The 
dilatation of the perivascular spaces noted in the swollen brains may be due also 
to diffusion of fluid. 

In interpretation of this type of experimental swelling of the brain several 
factors must be taken into consideration. First, it would seem that vascular dis- 
turbances occur because of the lesion in an important region concerned with the 
vasomotor regulation of the body. These vascular disturbances (increased blood 
pressure and vasomotor paralysis or stasis) appear to give way to slight changes 
in the vascular permeability, with an increase in the diffusion of fluids, and eventu- 
ally there develops swelling independent of the vascular factors (blood pressure, 
cerebral circulation) ; that swelling, however, can be reduced by intravenous injec- 
tion of hypertonic solutions. 


SUMMARY 

Acute swelling of the brain was produced in dogs by lesions of the lower part 
of the fourth ventricle and the medulla. This swelling usually appeared with a 
simultaneous rise in blood pressure, but later the swelling persisted in spite of 
the fall in blood pressure. 

The blood flow through the brain did not show any marked or persistent change 
in the majority of the experiments. 

There was an increase in water content of the gray and the white matter of the 
swollen brain. 

The intravenous injection of hypertonic solutions reduced swelling of the brain 
in most of the experiments. 

The only significant histologic change was dilatation of the perivascular spaces. 

The possible explanation of this experimental swelling of the brain induced by 
lesions of the fourth ventricle is discussed. 


5. Pilcher, C. : Experimental Cerebral Trauma: The Fluid Content of the Brain After 
Trauma to the Head, Arch. Surg. 35:512 (Sept.) 1937. 

6. Shapiro, P., and Jackson, H. : Swelling of the Brain in Cases of Injury to the Head, 
Arch. Surg. 38:443 (March) 1939. 

7. White, J. C.; Verlot, M. ; Selverstone, B., and Beecher, H. K. : Changes in Brain 

Volume During Anaesthesia: The Effects of Anoxia and Hypercapnia Arch Sure- 44:1 
(Jan.) 1942. - - • 

8. Stewart- Wallace, A. M. : A Biochemical Study of Cerebral Tissue and of the Changes 
in Cerebral Oedema, Brain 62:426, 1939. 



SCHIZOPHRENIC LANGUAGE 


JOHN C. WHITEHORN, M.D. 

BALTIMORE 

AND 

GEORGE KINGSLEY ZIPF, Pil.D. 

CAMBRIDGE, ilASS. 

The study of language behavior offers a significant and fascinating approach 
to the study of mentation in psychotic conditions. In a simple and common sense 
way, this is recognized in every ‘‘mental status” recorded, but the possibilities of 
more penetrating study are not usually utilized fully, because of obvious difficulties. 
Curiosit}^ is often blunted, also, by the naive assumption that one says what one 
means and means what one says, a supposition which leads the listener to believe 
that the meanings called to his mind by the patient’s language are a precise trans- 
cript of the patient’s meanings — certainly a precarious assumption in the ordinary 
transaction of asking for road directions, and likely to be an even more precarious 
guide to the psychotic patient’s mentation. Considered simply as behavior, how'- 
ever, speech productions are impeccably objective. Indeed, for the study of behavior, 
speech has one striking advantage — it can be subdivided into specific and definite 
acts ■(vith great certainty. Words are almost universally recognizable and identi- 
fiable as distinct and separate actions. No other type of behavior lends itself so 
well to unequivocal report and analysis. Furthermore, speech is inherently social 
or interpersonal, in its historical development and in its learning and primitive 
use by the person, so that one’s speech usage should somehow reveal, even though 
somewhat remotely and indirectly, some implications of the development of one’s 
interpersonal attitudes. 

The speech of schizophrenic patients has long attracted attention because of 
the curious nature of its distortion of normal linguistic usage. It is not that the 
schizophrenic patient invariably uses words peculiar to himself, though sometimes 
he does. It is not that he uses words invariably with unfamiliar meanings, though 
sometimes he does. It is ratherxthe total effect of schizophrenic speech that is 
striking. This may vary from stilted and formal phraseology without apparent 
substance to a “word salad” of nouns and verbs with practically no articulated 
structure, or even without apparent meaningful connection. 

In the present paper we submit the results of a quantitative investigation of the 
frequency and diversity of the words used in a series of intimate letters written by 
a young woman, Helen B., while institutionalized for paranoid schizophrenia. To 
these quantitative data we shall add a bit of interpretation, in the belief that we 
may be able thereby to shed some light on the dynamics of this disorder, in which 
meanings seem at times to go far astray. The material chosen for this study is 
not the grossly disordered type of speech called “word salad” but personal letters, 
in which the language does not seem on casual inspection to deviate notably from 

From the Department of Psychiatry and the Henrj' Phipps Psychiatric Clinic, Johns 
Hopkins Universit}'^ and Hospital, and Harvard University. 

The clinical material was from the experience of Dr. Whitehorn, at McLean Hospital. 
The statistical analysis was conducted under the direction of Dr. Zipf. 

This work has been aided in part by a grant to one of us (Dr. Whitehorn) from the 
Masonic Fund, administered by the National Committee for Jklental Hygiene. The preparation 
of the manuscript and charts was subvened by a grant to the other (Dr. Zipf) from the 
Committee on Research in the Social Sciences, Harvard University. 
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normal language customs. In order to place our data for schizophrenic language 
in a suitable perspective against the background of nonschizophrenic language, we 
also studied some control material. We shall begin our presentation by briefly 
discussing certain characteristics of the language of normal adults. 

REPETITIOUSNESS VERSUS DIVERSIFICATION ; ANALOGY OF TOOLS 

The method of statistical study here employed is one which may appear some- 
what stilted and oblique, since it intentionally avoids any direct effort to deal with 
the speech productions as immediate expressions of meaning. We do not intend 
to imply that the content of speech — what one means to say — is of no consequence, 
but we are reporting here on interesting characteristics of form, ignoring content. 
We shall begin with a consideration of normal discourse. A certain relation 
has been found empirically between the number and the frequency of use of different 
words in various samples of discourse. We wish to present our obsen^ations quite 
objectively, but it may be helpful, also, to have in mind a tentative working 
Itypothesis. We shall assume, in the company of many others, that speech is a 
socioeconomic device for saving effort in the attainment of objectives.^ With this 
explicit assumption in mind, one may ask how an urge to economize in effort might 
affect the size or diversity of a person’s vocaliulary, as well as the frequency witii 
which he uses his words. 

Obviously, there might be an economy^ of effort in having a vocabulary’- that 
consisted exclusively of only a single word which could be used for all verbal 
purposes. The single word would save the speaker the “mental effort” which 
would be necessary in order to “think of” the “right” word if he had a large 
vocabulary of different words to choose from. We may’- tentatively’" visualize a 
tendency constantly’ operating in the direction of reducing the number of different 
words in a vocabulary toward the limit of one single word which would have a 
frequency of 100 per cent and which would mean everything. We shall hence- 
forth designate this as the tendency to repetitiousness, since it tends to compress 
all meanings and all diversity of vocabulary’- within a few words, often repeated. 

Opposed to this tendency to repetitiousness is the economy’ that is available 
in a vocabulary that posesses a distinctly different word for each different meaning 
to be verbalized. This second economy would work to make discourse easier for 
.the auditor, if he knew the vocabulary, since it would save him the mental effort 
that would otherwise be necessary to excogitate, or determine, the particular mean- 
ing to which a given word refers. Such an advantage to the auditor would in 
normal speech, for practical purposes, be an advantage to the speaker also. We 
may visualize this tendency as one that would constantly operate in the direction 
of increasing the number of different words in a person’s vocabulary until there 
would be m number of different words, with one each for the in number of different 
meanings to be verbalized. Since the net effect of this tendency would be to 
increase the verbal diversity of a person’s vocabulary, we shall henceforth call it 
the tendency to diversification.^*’ 

Now, every speech production would apparently be subject to these two oppos- 
ing tendencies: the one tendency (repetitiousness) making for a vocabulary of one 
word, with in meanings, and the other (diversification) making for a vocabulary 
of in words, with one meaning each. Every actual speech production, subject to 
these opposing tendencies, would tend toward an intermediate condition, in which 

1. (a) Zipf, G. KL: The Psycho-Biology of Language, ed. 2, Boston, Houghton Afifflin 
Company, 1939. (6) For a discussion of the philosophic basis of the postulate of least effort 

(least action), see Zipf, G. K. : The Unity of Nature, Least-Action, and Natural Social 
Science, Sociometry 5:48-62, 1942, and footnote 7. 
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there would be fewer than m different words and in which no word would be 
used exclusively. It is obvious that actual speech does represent an intermediate 
condition between the extremes of these tendencies, but what is not nearly so 
obvious is the fact that actual samples of language behavior do show an extraor- 
dinarily steady equilibrium between these tendencies. 

In speaking of an equilibrium in speech between the described economical 
tendencies to repetitiousness and to diversification, we imply by no means that 
speech is therein unique. An artisan’s set of tools is also subject to the same forces 
of econom3^“ Thus, there is an economy in 'possessing a single tool that can be 
used for the performance of every task (repetitiousness). Conversely, there is an 
economy in possessing a specialized tool that is designed for the economical dis- 
charge of each different task (diversification). And, doubtless, in the evolution of 
tool design these opposing tendencies to repetitiousness and diversification have 
been operative in producing, on the one hand, single tools of general use and, on 
the other, different tools of specialized use. 

We mention the case of a set of mechanical tools not merely to remind the 
reader of the prevalent belief that "words are tools,” but to suggest that funda- 
mentally the forces which may motivate the number and uses of different tools 
are the same as those which may motivate the number and uses of different words. 
We shall return subsequently to a reconsideration of this word-tool analogy. 

STATISTICAL BALANCE IN ADULT LANGUAGE 

A rather remarkable type of equilibrium in respect to the diversity and fre- 
quency of use of words can be shown by an appropriate statistical analysis of the 
number of different words and their frequency of use in actual samples of running 
speech. 

In figure 1 we present the statistical analyses of two sizable samples of speech. 
The one curve (/) is for the 29,899 different words in fully inflected form as 
they appear in the total of 260,430 running words in James Joyce’s novel “Ulysses,” 
as determined by Hanley.^ The other (//) represents Eldridge’s analysis ^ of the 
6,002 different words in fully inflected form as they appear in a total of 43,989 
running words in combined samples of American newspapers. 

In the construction of each of the aforementioned curves, as well as of all others 
presented in this paper, the statistical data were arranged and displayed on the 
charts in the following fashion ; First, every occurrence of every word in a given 
sample having been noted (each inflected form being counted as a distinct word), 
the words were arranged in rank in the order of frequency. The most frequent 
word in a given sample — in English it is generally “the” — has the rank 1. The 
next most frequent word is usually “of” ; yet whatever the word may be, it has the 
rank 2. The third most frequent word, whatever it may be, has the rank 3, and 
so on. The least frequent words are of course those which occur only once in the 
sample, and of these there will be a considerable number, all occupying the terminal 
ranks. It will also happen regularly -in the intermediate ranks that a number of 
different words will be found occurring with equal frequency in a given sample, 
and they are assigned the ranks between the group of words just higher and those 
just lower in frequency. The terminal rank (i. e. the rank of the last word) will 

2. Zipf, G. K. : On the Economical Arrangement of Tools, Psychol. Rec. <1:147-159, 1940; 
National Unity and Disunity, Bloomington, Ind., Principia Press, 1941, chap. 3. 

3. Hanley, M. L. : Word Index to James Joyce’s Ulysses, Madison, Wis., University of 
Wisconsin Press. 1937. 

4. Eldridge, R. C. : Six Thousand Common English Words, Buffalo, N. Y., The Clement 
Press, 1911. (A copj' of this treatise is in the Library of Congress.) 
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obviously represent numerically the total vocabulary of different words in the 
sample. To display the results in graphic form, these ranks are plotted successively 
from left to right along the abscissa, and the corresponding frequency for each 
rank is indicated by a dot at the appropriate height on the ordinate. If there is 
only one word having a certain frequency, it gets a dot ; a group of words of equal 
frequencies get a horizontal series of dots. If the ranks are plotted on ordinary 
arithmetical coordinate paper, a sweeping curve is formed closely hugging the 
axes, something like the familiar pressure-volume diagram of Boyle's law when 
it is plotted over a wide range. When plotting is done on doubly logarithmic 
coordinates, as here, the successive dots fall on a curve closely approximating a 
straight line (for the sake of greater clarity, we have connected the successive dots 
with lines). The decrease in frequency at each step, in passing from left to right 



Fig. 1.— The rank-frequency distributions of words in (/) Joyce’s “Ulysses” and (//) 
American newspapers (Eldridge analysis). 


in accordance with the rank of the words, is inevitably from the definition of rank. 
The point of mathematical significance lies in the fact that the successive steps 
have just the right magnitude at each step to approximate a straight line.® In 


5. To our knowledge, the first person to recognize as such the hyperbolic nature of the 
frequency of word use was the French stenographer J. B. Estoup (Ganimes stenographiques, 
ed._4, Pans, Bureau du I’lnstitut Stenographique, 1916). (We have not seen the first edition 
which appeared in 1907.) Others subsequently observed the same general relationship in 
various languages, without attempts at precise formulation. The first precise formulation- in 
terms of a negative slope of 1 was by E. V. Condon (Statistics of Vocabular.v, Science 67:300, 
1928). The formulation in terms of a harmonic series was first made by J. C.’ Whitehorn and 
presented anonymously by Zipf,ii p. 44. For a mathematical treatment of the magnitudes of 
the successive steps and the equation R X F = C, see Zipf, G. K.: Homogeneitv and 
Heterogeneity m Language, Psychol. Rec. 2:347-367, 1938. 
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algebraic terms, the rank (R) of a word, when multiplied by its frequency (F), 
yields a constant (C). This is the familiar equation of an equilateral hyper- 
bola, R X F = C. 

This equation may be made somewhat more readily “understandable” by 
reference to our previously discussed tendencies to repetitiousness and diversifi- 
cation. Since diversification acts in the general direction of increasing the number 
of different words, and hence the size of the final R, and since repetitiousness acts 
in the general direction of increasing the frequency of their use, and hence the 
size of F, we ma}’’ interpret this equation to mean that the tendencies to repetitious- 
ness and diversification stand in an inversely proportional relationship to one 
another — that is, in the dynamic relationship of an equilateral h 3 ^perbola. 

Man}'- samples of speech have been anal 3 'zed in this fashion. The relationship 
R X F = C is found to be a general first approximation to the truth, and so serves 
as a convenient base line for the disclosing and analyzing of deviations. 


THE SPEECH OF CHILDREN 


We have previousl 3 ^ assumed that the limit of the tendency to diversification 
would be a vocabulary of ui different words which would match in 1:1 corre- 
spondence the presumed m different meanings to be verbalized by the speaker in 
a given sample of discourse. As to the number of different meanings, m, in that 
sample we have made no assumption. According to our argument, whatever the 
size of m may be, the size of n (the actual number of different words) will be 
smaller than in. 

Once we broach the question of the size of n, we are reminded of the vocabu- 
laries of children empiric analysis of which has long shown that the vocabulary 
used is on the whole comparatively much smaller than the average adult vocabulary. 
Sincedhe speech of psychotic persons is sometimes likened to the speech of children, 
the present momentary digression on the diversification and frequency of use of 
children’s words may serve a useful purpose, not only in establishing some objective 
criteria for children’s speech but in deepening insight into the general nature of 
disordered speech. 

In investigating by this special statistical technic the limited diversity of a 
child’s word vocabulary, we first ask whether a small n for the words of a child’s 
vocabulaiy, as revealed in a sample of speech, is matched by a correspondingly low 
frequency of use, with the result that the child’s rank-frequency distribution of words 
is faithfully described by the hyperbolic equation R X F == C. Such a lyperbolic 
relationship does, in fact, seem to exist, according to the results of a quantitative 
investigation completed by one of us (G. K. Z.) and reported in preliminary form 
elsewhere.® The upshot of this investigation of children’s speech, which will be 
piesented in detail in a future publication," is that the rank-frequency distributions 
of children do indeed follow fairly closely the hyperbolic equation. In this con- 
nection we submit in figure 2 (/) the rank-frequency distribution, of a 10,000 
word sample of a 5 3 ^ear old girl’s speech, as recorded by Uhrbrock,® and (//) 


6. Zipf, G. K.; Children’s Speech, Science 96:344, 1942. 

•11 Principle of Least Effort, to be published. Children’s speech material 

Will be reported in full in chapter III of this book. 

recordings discussed by R. S. Uhrbrock: (Educ. Research Bull. 14:85-97, 
Fduc. Psychol. 27:155-158, 1936). Dr. Uhrbrock put at the disposal of one of us 
(G. K. Z.) a transcript of the recordings. 
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that of a 4,000 word sample for the same child at the age of 6 years.® It is evident 
from the two curves in figure 2 that they are approximating essentially the same 
slope of the hyperbolic equation observed for adult speech in figure 1. 

The child’s curves in figure 2 show, however, a more marked deviation from 
a straight line than do the more mature samples in figure 1. One may say that 
the curves bulge upward in the middle region, the 5 year curve bulging most at 
about rank 30 and the 6 year curve bulging most at about rank 50, but to a notice- 
ably less degree. Or, alternatively, one could say that the words in the upper 
several ranks and in the lower several hundred ranks are used less frequently than 
would be proportionate to the use of the words in the middle ranks, as judged by 
deviation from the equation of an equilateral hyperbola. 



Fig. 2. — The rank-frequency distributions of (/) 10,000 running words of a 5 year old 
girl and {11} 4,000 running words of the same girl at 6 years of age. 

CHILDISH VERBALIZATION OF ADULTS 

A case of special interest for the “childish” type of discourse is provided by 
our study of a patient. Miss Margaret C., who was a highly trained and fairly 
productive scientist, but childish in the character and expression of her emotional 
relationships. After a brief account of her clinical picture, we shall present the 
rank-frequency distributions of the words of her intimate personal letters, and we 
shall note the extent to which her speech is graphically like that of a child. 

Miss Margaret CA° a 33 year old chemist from the University of W., while on a brief 
visit with relatives in Boston, announced that she had just gotten into telepathic communication 
with two close friends and thereby learned that one of them (a man of 40)) wished to marry 
her and that the other (a woman of 50) had just become a mother (her mother). Brought 

9. From a transcript of recordings made by R. S. Uhrbrock and put at the disimsal of one 
of us (G. K. Z.) by Dr. Uhrbrock. 

lO. The names of patients are fictitious, and to preserve their incognito certain relatively 
insignificant facts have been disguised. 
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to ^McLeJtii Hospital, Margaret seemed at first in high spirits and spent many hours observing 
in herself the sensations of a newborn baby, when, for example, she was in a wet pack. She 
promptly decided that the proposal of marriage had been an error, but it took about three 
weeks, and an interview with the friend in question, for her to decide that she had not been 
reborn to the new mother. By this time she asked one of the hospital physicians to be like 
a father to her. She found obvious difficulties in keeping frankly erotic impulses out of this 
relationship and passed into a catatonic condition, standing rigidly for hours, with saliva 
drooling. In moments of excitement she spoke of herself as the “Christ child” and repeated 
verbatim “messages” from Jesus Christ, from old friends and from others who were dead, 
and she gave many evidences of being in hallucinatory contact with her father, wham she 
had really never known, as he had died when she was an infant. After a stormy illness of 
about three months, she rather suddenly improved and, on her insistent request, was discharged 
to return to her research work at the University of W. Her psychosis could be characterized 
as “schizoaffective.” 

^Margaret was the youngest of two children, brought up fatherless by a hard-working 
mother, not very affectionate, who succeeded in providing excellent college and professional 
educations for her two children. Margaret was intellectually brilliant and was making a dis- 
tinguished career in research, but had a characteristic difficulty in personal relationships. She 
attached herself to older women with inordinate devotion and suffered proportionate distress 
when they grew restive and drifted out of these relationships. At the time of the onset of 
her psychotic episode, Margaret had just suffered the termination of the most recent of such 
attachments, which had been in some respects the most gratifying, for this woman had 
cooperated for a time in a “make-believe” correspondence, in which Margaret had addressed 
her as “dear Granny,” in fond memory of her paternal grandmother, who had provided 
Margaret’s happiest childhood experiences. 

After her discharge from the hospital Margaret wrote frequent letters to her favorite 
physician (the one whom she had adopted as a father in her illness) and asked permission 
to address him as “dear Daddy” in her letters. On this basis a kind of long distance sup- 
portive psychotherapy was carried on for six or seven years, which was aimed ultimately 
at helping her outgrow somewhat her childish personal dependence. Margaret continued in 
her research work, which has now gained her considerable scientific distinction, including 
an honorary Sc.D. The long distance therapy had its awkward features, and the process 
of “weaning” precipitated three episodic recurrences, for a few days each, of the kind of 
psychotic reaction shown on the first hospitalization, but Margaret has now been doing well, 
practically without the physician’s letters, for four years. Her letters constitute the material 
of the present study. A few quotations indicate their general style and substance : 

Aug. 12, 1931 ; “The laboratory work was misery for the first few weeks. If I could 
have done some quantitative work I should have been all right, but I had to finish writing 
my paper for the J. P. C. and the sentences were stubborn and didn’t seem to want to be written, 
and I was blue and hot and tangled up in mathematics and the theoretical part of the paper, 
and wanted nothing so much as to go to sleep all the time ... I had my friend Dorothy 
convulsed with laughter the other day when I told her how I suffered at the hospital from 
making people dress me when I would rriuch rather have dressed myself, and drew for her a 
-graphic picture of the- hearty and mutual dislike between Miss M. and myself as we went 
through these ordeals. She laughed till she nearly cried while I pictured for her Miss M. 
feeding me with a spoon and me squirming under it!” 

March 12, 1932 : “Dear Daddy : I’ve just been having a fit of temper about the way 
has treated me. I guess maybe I’m ashamed of myself to behave like such a baby. And 
you will feel ashamed of me and that will make me feel badly. And maybe that will make 
me stop.” 

^ Dec. 26, 1934: “O Daddy, it’s so nice to be alive — I mean really truly living. It’s as if 
I d never really lived before I was in the hospital — I had always been stewing about something 
or other all my life even since I can remember I used to stew about things. And now I 
don’t care any more.” 

^ present rank-frequency distribution for the whole and for parts 
of 50,000 running words of the intimate personal letters of Margaret. Cuiu’’e I 
represents the total 50,000 running words, and curve II, the last 30,000 words; 
cur\es III and IV represent the first and second blocks of 20,000 words each (i. e., 
tirough 20,000 and 20,001 through 40,000) ; cun^e V represents the first 10,000 
running words; curves VI and VII represent the first and second blocks of 5 000 
each ( 1 . e., 1 through 5,000 and 5,001 through 10,000), and cui^^es VIII and IX, 
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the first and third blocks of 2,000 running words each. Lines A and B, which 
have been added for comparative purposes, represent the ideal slope of an equi- 
lateral hyperbola. 

The nine curves of figure 3 reveal several types of bends. Of no significance 
for this study — and we shall discuss this point at the outset in order to dismiss it 
from further consideration here — is the striking bend at the top of the curves with 
the concave side downward, which represents roughly the 10 most frequent words 
(i. e., ranks 1 to 10) and which has a slope that is much less than that of A or B. 
This particular bend, which for convenience we shall henceforth term the top 
concavity, represents nothing more than the fact that the words were taken from 
letters that were intimately personal, and not formal ; in and for itself the top con- 
cavity has no necessar}'^ connection with abnormality. Indeed, as early as 1936 



Fig. 3.— Rank-frequency distributions for Margaret C. (a “childish” adult) in samples of 
(/) 50,000 words; {11) 30,000 words; {III and IV) 20,000 words; {V) 10,000 words; {VI 
and VII) 5,000 words, and {VIII and IX) 2,000 words. 

In this figure, and in figures 4 and 5, A and B are ideal standard curves. 

one of us (J. C. W.) observed the presence of a top concavity rather generally 
also in the word frequency analysis of the intimate letters of normal persons. Sub- 
sequently, the other of us (G. K. Z.) assigned the topic of top concavity for further 
investigation to three, of his students, W. A. Burnham Jr., H. Shippen Goodhue 
and Kermit Roosevelt Jr., who carefully analyzed the frequency distributions of 
words in extensive sets of intimate^ personal letters and found in all cases a 
top concavity. In this connection we suggest that the presence of a top concavity 
in intimately personal (i. e., not formal) letters may be ascribed to the fact that 
the writer and the reader have a certain commonness of experience and hence can 
dispense with the high degree of articulation that is otherwise 'necessary in writing 
to a nonintimate. Thus, to the close friend or relative one may simply refer to 
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Mary, John and Ned, without explaining that one is the cat, the other the chauffeur 
and the third the dog. In brief, tlie definite articles and other short, highly frequent 
articulatory words, which are necessary for coherence when one is writing to a 
person who is a stranger to the topic, become unnecessary in writing to the intimate. 
It is the substandard frequency of these articulatory words which is found in 
colloquial and intimate writing (and speaking) and which is reflected in a top 
concavity.^ Presumably, also, the slight top concavity in “Ulysses” (curve I, 
fig. 1) has a similar explanation.^- 

When one turns to a consideration of the middle and lower portions of these 
curves, and inspects first the largest samples in the figure, one notes that the curves 
have still a general concave appearance, comparable to the 5 year old child’s curve 
in figure 2, with the bulge, or bend, at about the point of ranks 50 to 100. Above 
this point the slope is slightly less than that of A or B, whereas below this point 
the slope is slightly greater. 

This bend, which may be connected with “childishness,” can perhaps best be 
understood if one notes that it is absent in the 2,000 word samples of curves VIII 
and IX. Indeed, since these 2,000 word curves, except for a top concavity, approxi- 
^ mate fairly closely the hyperbolic equation, R X F = C, it follows that Margaret’s 
speech is balanced with about 500 different words in a discourse of about 2,000 
running words. Of course, Margaret’s vocabulary contains more than 500 different 
words, as can be seen in curve /, in which the final rank is approximately 5,000. 
But the point is that Margaret favors the limited vocabulary of 500 odd words, 
as the bends in the larger samples show, and she favors them at the expense of the 
rarer conceptual words. This favoritism becomes ever more conspicuous as the 
size of the sample is increased. 

Stated in terms of the tool analogy, this bend perhaps means that Margaret 
lives in a workshop with a respectable number of different verbal tools (i. e., 
about 5,000), which are designed for specific verbal tasks. Though she knows the 
uses to which these different tools can be put, for she does not avoid them altogether, 
nevertheless she prefers the simpler tools to the more specific ones. Hence she 
uses her verbal tools in a manner similar to that of the child, even though she may 
possess the verbal equipment of the adult. Thus the bend in her rank-frequency 
distributions of words may be construed as being ultimately connected with the 
observable “childishness” of her behavior. In short, our linguistic data may be 
indicative of a condition of mind of far greater extent than that of the merely 
verbal field. 

Before leaving figure 3, we call attention to the bend with the convexity down- 
ward which occurs systematically in the neighborhood of rank 12 (i. e., from 
ranks 11 to 13) in curves I to VII and is lacking in curves VIII and IX. Since 
this bend is present in all the larger samples, and since it is of the same kind and is 
located in the same position in the upper curves, i. e., it is systematic, we may 
not ascribe its emergence to chance. Though limitations .of space prevent a more 
detailed analysis here, we may, nevertheless, remark that a bend of this type may 
represent a disunity, or lack of homogeneity, of discourse.’^'* That is, Margaret in 

1?" discussion of articulatory and conceptual words, see p. 229. 

12. One of us (J. C. W.) has noted an interesting, and perhaps significant, exception to this 
S^^eral rule in the published correspondence of George Bernard Shaw and Ellen Terry 
( ew York, G. P. Putnam's Sons, 1932). The language of the former shows a relative 
excess of articulatory terms (as if he were composing his letters for a number of readers) 
whereas the actress’ language is normal in this respect. 

^ and and Heterogeneity in Language, Psychol. Eec. 2:347-367, 
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her workshop does not simply use a limited number of tools, like a child, in obtain- 
ing her day to day objective. She apparently has a limited number of fixed jobs, 
which are not integrated in her total scheme of living and on which she apparently 
persists in working with a limited number of tools. 

The gross statistical meaning of the curves of figure 3, aside from the top 
concavity, which we expect to find in intimate personal letters, is that they represent 
the distributions of an unbalanced person. This lack of balance is the kind one 
might expect of a child in an adult's workshop. The language is not only “childish” ; 
it lacks integration. 

PARANOID LANGUAGE 

Another large sample of control material became available when one of us (J. C. W.) 
found a large collection of letters written by Charles M., who was a patient at McLean 
Hospital in the years before the Civil War. The letters themselves constitute the main source 
of information about him. In terms of present day psychiatric characterization, his illness 
would be described as a paranoid condition, with a rather pronounced manic tendency, not 
only for letter writing but for traveling and making friends. It is doubtful whether one could 
correctly call him schizophrenic in the same sense that one does Helen B., whose case is to be 
described later, but he comes very near it. There are evidences of hypochondriacal tendencies ; 
for example, he was apprehensive about “drafts” blowing on him. At least on one occasion 
he wore two suits of underwear in September, and at another time, while in the asylum at 
Columbia, S. C., he wrote about having to wear two overcoats to keep warm. Indeed, some 
of his paranoid suspicions of his father and certain friends and physicians were developed 
around the theme of their alleged attempts to kill him by making him catch a severe cold. In 
this connection, it is of interest that his first major psychiatric difficulty involved a “draft” 
on a bank, apparently forged in New’ York, when he was financially embarrassed while return- 
ing to his home in Charleston, S. C., after a trip to Niagara Falls w’ith a chance acquaintance, 
who proved to be a gambler. His most bitter paranoid accusations centered around delusions 
of food poisoning. He suspected that “sugar of lead” was put in his food and drink and 
dusted into his room. As an illustration of his friendly disposition, it is notew’orthy that in 
making an escape from the South Carolina institution, he planned it -in a way to exonerate 
from blame the attendant who was accompanying him on a buggy ride. Yet, for the most part, 
he included in his paranoid suspicions most of the friends who tried to help him. 

M. was an unmarried man of good family and high social position in South Carolina 
and had had his college education at Harvard and in Paris. His first commitment as insane 
occurred in 1852, at the age of 29, in Columbia, S. C., after quarrels w’ith his father over 
his demands for a large share of the family estate. At this time he became suspicious of 
all in the family, sat up most of the night with a poker in his hand for protection and 
apparently had auditory hallucinations and ideas of reference. After about four months he 
escaped to “the West.” In Tennessee he seems to have impressed friends as normal but 
showed in letters obvious paranoid attitudes. He w’as at home for some months in Charleston 
in 1853. In 1854 he visited Cuba and Europe and also made a trip to Boston to attend a 
reunion of his college class. But on September 20, a few days before the reunion, he w’as 
hospitalized at McLean Asylum, where he remained for some years, obviously touchy, can- 
tankerous and paranoid, but apparently without hallucinations. He remained hospitalized until 
his death in the 1870’s. 

Characteristic quotations from his letters are given here. 

In 1852, to a lawyer, whom he asked to undertake his case against his father : “I enclose 
a narrative of what occurred at the Insane Asylum at Columbia during my confinement there 
in the w’inter of 1852-53, and five letters w’hich will throw a great deal of light on the causes 
that led to that confinement. . . . 

“The letter of Pinkney H. is a tissue of falsehood and hypocrisy, and I think the fact that 
he did not attend to my rights of liberty is sufficient evidence that he could not have referred 
to them w'hen he said that he W’ould see that I had my rights, and renders probable the 
charges that I intend to bring against Russel M. and himself, namely, that their services w'ere 
given to my father as the price of my blood. . . . 

. . My object in enclosing the Narrative is that you will read them w’ith the view 
to a question of property betw’een my father- and myself. My narrative is in every respect a 
faithful one. If it w’ere not, it could not escape the practiced scrutiny of a great lawyer, 
and while it awakens your deep indignation at the harsh and unfatherly act which consigned 
me ryith such cold-blooded barbarity to the abhorred and forgotten end of a lunatic, I hope 
it will indicate with sufficient clearness the true cause that led to his course, which was 
the necessity for maintaining himself in the possession of property to which I 'had a legal 
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claim by the will of Francis K., and of which he therefore held fraudulent possession. The 
evidence on this point is, I think, very conclusive, and my intention is that my rights shall 
be tested by an appeal to law. If your conviction is the same, and you are willing to act 
for me as my lawyer I will pay you in case of a favorable decision twenty thousand 
dollars • . . . 

“I shall be able to raise enough money to carry on the suit, on your opinion as to the 
justice of my claim, and an arrangement for your own security while in Charleston can readily 
be made with any of the hotel keepers. . . . 

“There is another circumstance to which I will allude. The moment that I heard of the 
death of Mrs. B., I comprehended the true cause of it, but while I was in Nashville I did 
not think that her relations had suspected that dark, and infamous act, and when 
Mrs. F. showed me the paragraph in which it was suggested that the sun was the origin of 
the gulf stream, I did not suppose that she knew that I was the cause of her sister’s untimely 
end. I regret that I should have been the cause of the death of an amiable and accomplished 
woman, in whose society her friends delighted, but one of her murderers. Dr. B., is I think 
in my power, and I shall make him atone for his crime by convicting him, if I can, of 
perjury.” 

In 1853, to the friend Pinkney H., named in the foregoing letter : “I desire to make a few 
remarks on a letter that I received from you not very long since. I have already convicted 
you of one falsehood. It is now my intention to convict you of something worse than a false- 
hood — to convict you of having deliberately made me a promise, and of having just as 
deliberately broken it. I refer to your promise that ‘you would see that I had my rights.’ 
This assertion you say had reference to my rights of liberty. What steps were taken by you 
to have my rights attended to? Did you ever return to Columbia to inquire how my health 
was progressing? Did you see that the promise, made by my father through Dr. B. in your 
presence, and for which you were responsible, that I should remain at the Asylum only two 
or three weeks, was carried out in good faith? Instead of remaining at the Asylum only two 
or three weeks, I remained there nearly four months, being subjected incessantly to every 
mode of torture by poisons, and during the whole of that time neither you nor any of my 
other relations came to see me. You had abandoned me to the horrors of a future lost on earth. 
How then was your promise redeemed? It is needless to disguise the truth. Your promise, 
whether it had reference to property or to liberty, was not made in good faith . . 

. In 1859, a long, and rather formal, document begins as follows : “The History of a 
Lunatic, written for the Honorable Edward Everett, for he was Secretary of State for the 
United States of America in December 1852, when my insanity was discovered. A graduate 
of Harvard College. Addressed to the Congress of the United States, and the Legislature of 
Massachusetts. By Charles M. . . . 

“It is the public law of each State that a person suspected of derangement shall be con- 
fined in a Lunatic Asylum on a warrant issued by a magistrate placing his person in custody 
of a physician connected with such an institution. I am a resident of South Carolina and a 
warrant was issued by a magistrate in Charleston placing me in custody of Dr. J. W. Parker 
of the Insane Asylum at Columbia. I remained at Columbia three months and a half, from 
December 5th, 1852, until March 24th, 1853. I then made my escape and went to Nashville in 
Tennessee which I reached after three weeks hard riding on horseback. . . . 

“. . . I graduated at Harvard College in 1844, but I am not an accomplished man. I 
prefer being an audience to the United States rather than one of her legislators. I am not 
contaminated, nor do I intend to be. I always held the opinion that the human mind could 
resolve all doubts with reference to its existence, and I have alwaj's cordially supported the 
Republic, and countenanced fanatics, and extremeists. My father holds moderate public 
opinions, but very harsh, severe and despotic private opinions. He claims that a father has 
absolute control over his children. That he may put them to death or sell them, another law 
of South Carolina publicly supports him in this. He does not believe that a tyrant is degraded 
in his own estimation by despotic acts, and therefore no one is his equal. In the management 
of his children (the eldest is thirty nine and the j'oungest nineteen) he allows no advice from 
his wife. . . . 

“The Asylum occupies one of the squares in the Town, now the city of Columbia. The 
building is composed of a square center, and two wings of equal length. It has two yards 
attached, one in front of the Asylum, out as a garden with iron railings and iron gates, the 
other has high walls and is divided into two lots where the male and female patients, or mad 
men and women exercise. The Asylum has become very wealthy of late years, from large 
sums of money having been paid to the Regents or Trustees to get rid of certain insane heirs 
(this is not a legal conclusion but my own conjecture.) and since 1853 they have had another 
square erected to the buildings which they have surrounded by a high wall. The inmates who 
are placed here are as absolutely certain of being killed or cured, as it is absolutely certain that 
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John Brown was hung. These Asylums everywhere in the United States are taking the place 
in the respect and even the idolatry of men that convent and monasteries occupied in England. 
They are very wealthy, very despotic, and do not represent. . . . 

“. . . I supposed for some time that the Asylum was constructed in such a way that 
the sounds could be carried to one room, and then listened to when the physicians or attendants 
wished to know what the patients were about, but I am of opinion now that no such whispering 
tubes existed. ...” 

In figure 4 we present the rank frequency distributions of words in the whole 
and in parts of Charles’s letters and extensive autobiographic material contained 
therein, which totaled 47,850 running words and hence fell slightly short of the 
arbitrarily selected 50,000 running words represented in figures 3 and 4. Here 
curve I represents 47,850 running words ; curve II, a block of the last 27,850 words 
(i. e., 20,001 through 47,850) ; curve III, the first 20,000 (actually 20,005) words; 



Fig. 4. — Rank-frequency distributions for Charles M. (a paranoid patient) in samples of 
(/) 47,850 words; (//) 27,850 words; (HI) 20,000 words; (IV) 10,000 words; (V and 
FI) 5,000 words, and (F7/ and VHI^ 2,000 words. 

curve IV, the first 10,000 words ; curt'-e V, the first 5,000 words ; curve VI, the 
second 5,000 words,' and curt'^es VII and VIII, the first and third blocks of 2,000 
words each. Lines A and B have been added, as previously, in order to aid the 
reader’s eye. 

If the reader sights down the eight lines from the top and ignores the top- 
concavity as well as the slight differences in general slope,^^ he will note that 
the curves do not have the general concave appearance of Margaret’s, but that 

• 14. The slope of the line of a rank-frequency distribution will depend, among other things, 
on the size of the sample. For an ingenious mathematical discussion, see Carroll, J. B.: 
Diversity of Vocabulary and the Harmonic Series Law of Word-Frequency Distribution, 
Psychol. Rec. 2:379-386, 1938. Carroll’s study will be found criticized and the topic further 
explored by one of us (G. K. Z.) in his forthcoming book." 
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curve I bends slightly at about rank 300. This may constitute some slight evidence 
of what we previously described as “childishness,” but with the curve displaced 
some 200 ranks to the right. This slight bend is also present in curve II, and 
perhaps in curve III. It is not apparent in curves IV to VIII. Hence up to this 
point Charles’s vocabulary is fairly normal. 

Nevertheless, these eight lines have one other characteristic — their general 
waviness, which on the whole is not systematic, in the sense that the same type of 
bend is not found with reference to the same ranks, as was the case to a considerable 
extent with Margaret’s. Indeed, in comparison with the irregular waviness of 
Charles’s curves, Margaret’s parallel each other fairly consistently through- 
out, and hence point to a systematization that is lacking in Charles’s curves. 

The unsystematic waviness of Charles’s curves of word distribution may con- 
ceivably indicate that his stream of speech was not confined to systematic grooves. 
Whether one may actually read anything pathologic into this random waviness is 
doubtful. In terms of our tool analogy, Charles was apparently using a large 
diversity of tools in a reasonably close balance between the tendency to repetitious- 
ness and the tendency to diyersification. He may merely have concentrated exces- 
sively now on one group of tools and now on another or others, with the result 
of a certain waviness. 


AUTISM OF PARANOID SCHIZOPHRENIA 

Up to this point we have presented rank frequency distributions for the words 
of professional adult writers (fig. 1), for a child (fig. 2), for a “childish” adult 
(fig. 3) and for a paranoid patient (fig. 4). Though these language productions 
differed in some respects, they could all be referred ultimately to the fundamental 
hyperbolic equation, with its assumed balance between repetitiousness and diver- 
sification, and their differences were most conveniently displayed by graphic com- 
parison with this equation. Moreover, in all the foregoing cases the analogy of 
mechanical tools in a workshop seemed on the whole legitimate. 

But now that we turn to a consideration of the verbalizations of the patient 
with paranoid schizophrenia, Helen B., we come on a curious and systematic 
distortion of a type not present in the preceding material. 

In order to prepare for an inspection of her word distributions, we may for 
a moment probe more deeply into the economies of the tendencies to repetitious- 
ness and diversification for the light that they may shed on the speaker’s attitude 
toward the author (or the writer’s attitude toward the reader). It is remembered 
that the economy of the tendency to repetitiousness, which strives to subsume in 
different meanings under one single word, is an economy that works to the con- 
venience of the speaker. On the other hand, the tendency to diversification, which 
strives to increase the size of a vocabulary to m different words, with one meaning 
per word, is based on an economy that works to the convenience of the auditor. 
Therefore, the balance between the tendency to repetitiousness and the tendency 
to diversification would seem to refer also to a corresponding balance between the 
respective conveniences of the speaker and of the auditor, with the ultimate result 
that the y coordinate (frequency) will represent the “pull” of the speaker’s con- 
venience, whereas the x coordinate (diversity, in terms of rank) will represent 
the pull of the auditor’s convenience, the assessment being made by the speaker 
in both cases. In other words, the hyperbolic equation, R X F — C, ma}’- be 
equivalent to U X I = C, in which U represents the speaker’s consideration for 

^ ^ Material of Human Nature and Conduct, Am. J. Psychiat. 92:3L=i- 
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“the other fellow,” as measured on the horizontal axis, and I represents the speaker’s 
consideration for himself, as measured on the vertical axis. As long as the distribu- 
tion is truly hyperbolic, one may imagine that these “egocentric” and “allocentric” 
forces are balanced without bias to either. 

But suppose that the distribution favors repetitiousness (or I), at the expense 
of diversification (or U) — what then? In this case the speaker may be considering 
his own convenience more highly than that of the auditor. We shall designate 
this egocentric condition as autistic. By autistic, however, we do not mean all 
egocentricity in whatever form it may appear in speech. An egocentric person who 
wishes to dominate his environment is not necessarily impelled to be autistic in 
this sense and to sacrifice the auditor’s speech convenience to his own. On the 
contrary, an unscrupulous politician or a confidence man can accomplish his 
egocentric goals within the normal use of speech, and with normal, or even super- 
normal, considerateness for the convenience of his auditor. The dictator, in hound- 
ing his minions, gains nothing by issuing decrees in a verbiage which the minions 
will find difficult to understand. Rather does the dictator use language that is 
unambiguous to his auditor. A given person may, and often enough does, use 
language to gain his own personal ends against another person; in so doing he 
will commonly find it to his own advantage to defer to the other’s yerbal con- 
venience. By autistism, then, we do not mean the egocentric attitude of exploiting 
others, but rather the egocentric tendency to disregard the convenience of others. 

Such an autistic tendency might distort a rank-frequency distribution of words 
by crowding an inconveniently large number of meanings onto a relatively small 
number of words. Conceivably, it might also happen that a person, inconsiderate 
of others, might indulge in a diversified polysyllabic discourse, using such a large 
and unfamiliar vocabulary as to be incomprehensible to most. 

We shall now consider the actual observations on a selected patient. 

Miss Helen B., a 23 year old, unmarried college student, was admitted to McLean Hospital 
in 1931 because of screaming denunciations against father, mother and sister for their “insidious 
actions,” accompanied by threats to kill them. This incident came as the climax to two years 
of psychotic maladjustment at home, which had started as an episode of tearful panic while 
she was in her third year at college. That episode had been preceded for a year or more by 
mounting tension within the family and quarrels with and about “lovers.” 

At the hospital the screaming mood subsided within a few minutes, and the patient settled 
herself fairly comfortably in her quarters. With little questioning she expounded volubly 
the “plot” which menaced her. In brief, she stated that there was a conspiracy by the closed 
ring to make a prostitute of her. The conspiracy, she said, included her father, her various 
lovers, the Secretary of the United States Treasury, the Pope, the whole Roman Catholic Church, 
the Masons, the Methodists and a long list of other persons. The closed ring, she said, had 
also recently instigated an invasion from Mexico, to prevent which President Hoover 
had put battleships on the coast of California. She "feared” that the government would be 
overthrown by the closed ring and that she would be killed when they got in power. Within 
a few days she included hospital personnel in the “conspiracy” and spoke of being spied on by 
television and radio apparatus in the ventilator of her room. There was no proof of 
hallucinatory experiences, but occasionally she became intensely preoccupied with “thinking.” 

Helen had “always been a strange child,” according to the family. She had been sensitive 
and idealistic, with poetic and musical tastes and talents, and had been ambitious to make a 
fine record. She had a brother and 2 sisters. The father was a hard, shrewd, successful 
manufacturer, of limited interests, very fond of the patient and disposed to favor her because 
she had shown more “ambition” than other members of the family. He had repeatedly and 
urgently taught her to be suspicious of boy friends or men who might show personal interest 
as a way of getting her money. 

The patient has been continuously hospitalized since her first admission, and her subsequent 
course has been in the direction of narrowing interests and social deterioration. The history, 
clinical symptoms and course are not given in further detail here. The diagnosis of paranoid 
schizophrenia was unquestioned. She was for fourteen months at AIcLean Hospital, during 
which time one of us (J. C. W.) became well acquainted with her and accumulated many 
of her letters, which constitute the material of the uresent study. The spirit and style of 
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her letters, and some idea of her close preoccupation with the problem of affection, may be 
gathered, somewhat inadequately, from the following brief extracts: 

From a letter to her father: “In spite of the fact of that you insist on exercising your 
patriarchal influence, my mind (even if not my pocket-book) is emancipated from that feudal 
conception of parental domination. No doubt you can arouse a certain amount of public 
sj'mpathy from such narrow-minded goops as the Dovers and the Clarks, but it only^ goes to 
prove the futility of the development of intelligence and makes me realize that this is an 
unredeemable civilization of grocery men and fishmongers. Please do not count on me to 
worship your little idols with reverence. . . . Whatever cause jmu may find for malice 
or hatred toward me you may consider the outcome of your own will.” 

From a letter to a physician: “I think you are wonderful, but my life is completely futile 
and your kindness and effort is poured upon a dying plant.” 

.Later, to the same physician: “Your meanness, ugliness and lack of any spiritual qualities 
at all make you appear to me only as an exmple of a horrible and hideous distortion of 
human nature. It is your hideous eye that I love iiow. I love it for all the suffering, all 
the misery, the loss of everything that it has brought into your ugly soul.” 

To the same physician two days later. “Honestly, darling, I love you with all my heart 
and soul. I want you so much that I ache with pain from wanting you — and then, I feel as 
though I cannot die soon enough. This hecticness is not doing me any good. I beg you to 
either love me or kill me.” 

To another physician: “I suppose you will call me good if I act like a tombstone. Well, 
every one learns by experience, and it is so unpleasant to have you repulse me that I shall 
eradicate all my tender feelings into a process of mockery. You may be very sure that I will 
never exhibit my affection for you again.” 

In view of the systematic distortion of the language pattern revealed in the statistical study 
of this patient’s letters, it is of some interest to note certain semantic distortions involved in her 
“conspiracy delusion.” This paranoid formation, offered by Helen rather defiantly at the time 
of admission, became more understandable when- she elaborated it and discussed it more fully 
at a later time, when she was in fair rapport with one of the physicians. In brief, it then came 
out that what she “really meant” was that the persons in the so-called conspiracy would, by 
their beliefs and statements, “make her out” to be a prostitute on the basis of her actual 
behavior. The essence of the coercive “plot,” which she so much resented, was so to speak, 
a classificatory plot — a broad general tendency, shared by many, to classify her as immoral — 
whereas she had believed, or tried very hard to believe, that her few sexual experiences had 
been of a poetic character — “a worshipful experience in the temple of artistic living.” 
Captivated by a figure of speech and solaced thereby somewhat for the chagrin and disappoint- 
ment of being “brushed off,” Helen dramatized for herself this crusading role against the 
conventions, and, disdaining explanations to others (and clarification thereby to herself), she 
had included much more in her “plot” theory than she “really meant.” 

Another example of the same tendency to lump together too many meanings in one form of 
expression may be cited. One of Helen’s favorite words was “insidious.” In many of her 
earlier^ statements the term could be understood in its regular dictionary meaning, implying 
deceptive attack, ambush or treachery, but it gradually appeared, as one heard her use the 
word in many different contexts, that she meant b}' it anything malicious or hostile. In fact, 
when she finally was questioned about it, she said she had never appreciated that the word 
had any implication of concealment. Indeed, like many another sophomoric adolescent, Helen 
had a line of favorite words, similarly overworked and overextended in meaning, for example, 

emancipated, ’ unredeemable” and “futility.” In accord with her idealism and her concern 
about making a fine impression, her line was precious, rather than slangy. In this regard she 
was out of step with most of her contemporaries. 

In figure 5 we present an analysis o£ the whole and of parts of a total of 50,000 
(actually 49,991) running words in fully inflected form as they appeared in the 
successive letters of Helen B. These letters, being intimately personal, show in 
this graphic analysis the usual top concavity expected in such discourse, but the 
graph then becomes very straight and steep. Curve I represents the total sample 
of 50,000 words ; curv^e II, the last 30,000 words ; curve III, the first 20,000 words ; 
curve IV, the first 10,000 words; curves V and VI, the second and the first 5,000 

words respectively, and cim^es VII and VIII, the first and the third 2,000 words 
respectively. 

Passing over the top concavity, one notes that all eight curves after about 
rank 10 descend at a slope that is steeper than the standard slope of A and B. 



846 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Hence one may say they are all “pulled” more by the autistic (I) pole of the 
vertical axis than by the social (U) pole of the horizontal axis. That is, in all 
eight lines the tendency to repetitiousness is greater than the tendency to diver- 
sification for all words except about the first 10 words in the top concavity. Hence 
these curves illustrate the type of distortion of word frequency predicated under 
the preceding discussion of autism. 

But that is not all. Below the top concavity all eight lines are strikingly 
straight. The straightness means that the entire sample (except for the top con- 
cavity) is systematically balanced throughout, although on a different slant than 
the normal. The eight lines are also strikingly parallel. The parallelism means 
consistency. Helen is not merely autistic in tending more toward repetitiousness 



Fig. 5. — Rank-frequency distributions of Helen B. (with paranoid schizophrenia) in sam- 
ples of (/) 50,000 words; {II) 30,000 words; {III) 20,000 words; {IV) 10,000 words; {V 
and VI) 5,000 words, and {VH and VIH) 2,000 words. 

than toward diversification — she is systematically and consistently so, even to the 
point of rigidity. 

Of course, in the interpretation of the steepness of any particular slope, there 
are certain general matters which must also be taken into consideration and which 
we mention here in order to show that we have not ignored them. Thus, in the 
equation R X F = C, the size of C imposes restrictions on the numerical value 
of R, and therefore on the size of the vocabulary. These restrictions are not 
imponderable and have been explored in considerable detail elsewhere.^^ For the 
purposes of the present paper, it suffices if we summarize the problem by stating 
that there is a limit beyond which F will tend to exceed the maximal R and the 
slope will become steeper than an equilateral hyperbola. Just how large a sample 
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should normally be required to exhibit this limitation depends on many factorsd"^ 
Presumably, it varies with the education and the social conscientiousness or tact 
of the speaker or writer. There are indications in the charts of the 3 patients 
presented here that with increasingly larger samples, up to about 50,000 words, 
the slope becomes little by little a bit steeper; that is, graphically the curves tend 
to converge a bit toward the bottom. Yet James Joyce, in “Utysses,” reached a 
bulk of 260,430 words (with a vocabulary of 29,899 different words) without 
deviating significantly from the equilateral h 3 '^perbola, except for a slight “top 
concavity.” However, for the explicit purpose of this paper it is significant that 
a steep straight slope characterizes even small samples of Helen’s speech production, 
even in the case of the 5,000 and 10,000 word samples.^® 

DISTORTION OF MEANING 

In continuance of our discussion of the implications of the curves in figure 5, 
we must conclude that their straightness and parallelism may well be connected 
with a S 3 'Stematic distortion of meanings. To show why this distortion is likety, 
we ma 3 ' approach the problem circuitousl 3 ' b 3 r inspecting the meanings of words 
in normal speech. In general, the allocation of meanings to words must be orderly 
in the sense that the allocation is governed primarily by a subtle balance between 
the various needs of actual living. The resultant speech practices are reflected 
in the statistical word distribution, normally in the form of the hyperbolic equation. 
One of us (G. K. Z.) has discussed in some detail elsewhere the principles of 
dynamic philolog 3 ’’ by which this equilibrium is maintained, or is restored, through 
linguistic and semantic change. In the present paper we merely refer briefl 3 '- to 
some of the reasons for taking this hyperbolic equation as the mathematical expres- 
sion for the optimal compromise between a tendency to repetitiousness and a 
tendency to diversification. (This theme will be developed further elsewhere'^). 
We m 2 iy point out here, however, that, according to this conception, whenever the 
relative frequencies of words do not meet the requirements of this equation, the 
stream of speech is not organized according to a maximum economy of effort. 

If a man wants to bu 3 '' a horse, his verbal pursuit of this equine objective will 
entail the use of those meanings which relate to horse bu 3 dng, with the result 
that the words which possess those meanings will suddenly be used with a relative 
frequency that is considerably above average. One cannot know in advance whether 
this above-average frequency, in conjunction with the other parts of his discourse, 
will automatically meet the requirements of the hyperbolic equation. It may, or 
it may not. Similarly, an 3 '- topic of special sustained preoccupation, in the actual 
world or in the world of fantasy, opens possibilities of disturbing the frequency 
distribution of words. In order to reorganize speech, in case such disturbance does 
occur, a reallocation of words and meanings is to be expected. Semantic changes, 
i. e., changes in the meaning of words, and linguistic changes, i. e., changes in the 
form of words, are mechanisms which restore and preserve this balance, so that 
the wieldiness of a small vocabular 3 ’- be preserved without undue sacrifice in 
precision of reference. 

But without a' discussion of the mechanism of linguistic and semantic change,^^ 
it should be remembered that no change in word form or in word meaning is socially 
useful unless it is both understood and accepted in the speaker-auditor group in 

_ 16. In its mathematical implications the 45 degree slope of the equilateral hyperbola is a 
critical value, for with the steeper slopes the summation of the implied harmonic series of 
ratios becomes convergent, rather than divergent. This point has been further elaborated by 
one of us (G. K. Z.) and will be reported in a subsequent publication." 

17. Zipf,ii pp. 20-39 and 274-278. 
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which the words and meanings are employed^® The establishment of a balance, 
then, between word frequencies and meaning frequencies, in order to make speech 
more economically effective is not only a subtle philologic problem involving the 
operation of linguistic and semantic changes ; it is also a difficult social problem, 
since it involves the making of only those changes which are socially acceptable. 

But it does not follow that semantic and linguistic changes can occur only when 
they are socially acceptable. On the contrary, it is the speaker who selects both 
his words and his meanings and the auditor who tries to fit the selection into the 
patterns of his own experience. If the speaker does not make his selection clear 
— and every person has difficulty at times in expressing himself — it is the auditor 
who fails to understand and who thus forces the speaker to a greater semantic 
precision if he is to be comprehended.’ “ 

Of course, if the speaker is autistic, and therefore by definition disposed to 
sacrifice the auditor’s convenience to his own, then the force of the auditor is 
diminished in its influence on the speaker’s semantic and linguistic changes. With 
this diminution of the auditor’s influence, the autistic person can save much effort 
in his speech by using more freely the mechanisms of semantic and linguistic change 
in which meanings and words are altered, coined or eliminated. Yet neither the 
desire -to economize in speech nor the use of semantic or linguistic changes are in 
themselves abnormal. The abnormality of the autistic person lies only in ignoring 
the other fellow ; that is, it lies in his disregard of the social obligation to make 
only those changes which are socially acceptable in the sense that they are both 
understandable and serviceable in the group. 

Naturally, once the autistic person pursues his own linguistic and semantic 
paths of least effort, the result may well appear to his perplexed auditor as a dis- 
order of meanings, or even as a disorder of association. Yet the autistic speaker 
in making his o\yn language, without the nuisance of satisfying the auditor’s needs, 
may employ the same principles of linguistic and semantic change as does the normal 
person, though not with the same care to insure community acceptance. 

It is not difficult to fathom the impulse of the autistic person toward establishing 
his own meanings. Standard speech is often enough arbitrary and nonsensical in 
its symbolization. An odd assortment of meanings is frequently subsumed under 
one word, such as “the rose,” “I rose,” “my daughter Rose,” or “I bear,” “the 
bear,” “bare legs.” To be born into a world in which people use words in this 
fashion is clearly to be born into a verbally illogical Avorld. But the world is not 
merely verbally illogical ; to the autistic person it is “coercively” so, since he must 
both accept the verbal nonsense and play ball with it as a prerequisite of participating 
in society. Illogicality is wasteful of effort; logic is recommended for its economy 
of mind. The language of mathematics and natural science is recommended on the 
grounds of a greater logicality, though of course explicit definition or empiric veri- 
fiability are offered to the “other fellow” so that he may follow. Designers of 
artificial international languages, such as Esperanto, openly proclaim the need of 
a greater logic of speech for the sake of an easier understanding among people ; yet 
these persons, too, labor scrupulously on explicit definitions so that the “other 
fellow” will be both able and willing to understand. However, in view of the labor 
of explicit definition, and the like, which is required by the need for a social under- 
sfandability of language, one can see how an autistic person, in dodging the effort, 
not only becomes freer but needs to work less in devising his new and more logical 
language. 

18. A semantic' change is socially serviceable when it saves more effort in expression than 
would be the case without the change. The same applies to linguistic change. 

19. For a more detailed discussion, see Zipf.^i pp. 212-215. 
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Any one can build a new language that is more consistent if he ignores the 
“other fellow.” For example, given the word “tune,” meaning a “kind of noise,” 
then “Neptune” is the kind of noise that Nep makes ; if this “noise” is the surf, 
then Nep is the sea. And as with the morpheme tune, so, too, with other morphemes. 
Given the words “cat” and “catnip,” one can see how catnip may nip the cat. It 
can be seen that “mother” and “smother” are related, that “smother” may mean “to 
be nice to babies” or that “it isn’t really catnip, because you see that cats like it.” 

One clever, subtle and secretive paranoid woman known by one of us (J. C. W.) 
used to speak with a smile of “airplane messages.” At least that was the way the 
auditors always understood, or rather misunderstood. The nurses even watched for 
airplanes flying over to see how she took the messages. One day she condescended 
to explain her meaning. The term was “air-plain messages,” meaning “plain as 
air,” a meaning that was, in fact, not plain at all except to the initiated, for air 
signifies to the uninformed practically nothing, and even the existence of air as a 
substance is only appreciated through subtle and involved experimentation. Hence, 
“air-plain messages” are the very reverse of “plain” and require extraordinary 
subtlety for tbeir apprehension. It is of some interest, in this connection, that this 
same patient devised a special secret alphabet in which she used to write or draw 
on large sheets of paper a whole “newspaper” with headlines and display adver- 
tisements and a society column, all for her sole and secret enj oyment. 

In thus fabricating a new language, the autistic person is not necessarily con- 
fusing the word with reality any more than is the person who coined the words 
“lockjaw,” “can opener” or “fireplace.” Nevertheless, to be arbitrary and indi- 
vidualistic in selecting what is to be named in all of experience, and how it is to 
be named and how it is to be compared generically with other named things, is 
ineffective if one wants the advantages that accrue to social life.^^ The distortion 
of meanings represents an economy of mind, but it is an autistic economy that 
remains radically different from that of normal social speech. 

If we return now to the case of Helen B., we may say that the appear- 
ance of this autistic characteristic in the speech of this patient with paranoid 
schizophrenia, as expressed in the steep, straight slope of her speech curve, leads 
us to a certain problem that is connected with our previous tool analogy. After 
all, the uses of words and the uses of tools are analogous. We mav ask, there- 
fore, whether the autistic trend in speech usage, with its distortion of meaning, 
is but a particular manifestation in the speech process of a general difficulty in 
handling all kinds of tools, including word tools. In short, does a schizophrenic 
person have difficulty in using hammers, nails, saws and masses of materials? 
Does he try to alter autistically the uses of tools and materials? Does he try to 
rearrange their uses in accordance with his own point of view? If he does, he 
may run into difficulties with the actual world. 

According to the observations of Cameron,-- reported in a brilliant paper on 
schizophrenic thinking in problem solving, tbe schizophrenic person shows an 
overinclusion of environmental and imaginal material in the problem itself. Thus, 
there seems to be a resistance to the acceptance of the tester’s delimitation of the 
problem. Moreover, the schizophrenic subjects called for “changes in the rules 

20. Much will depend on the particular morphemes selected as the fundamental units on the 
basis of which the “more logical” language is developed. 

21. For discussion of a word as a name of a frequently used category of experience, see 
Zipf.ii pp. 267-271. 

85 ^01^1^^5°*l'93^' ' Thinking in a Problem-Solving Situation, J. Ment. Sc. 
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of procedure and in the materials, and declared the situation to be inadequate 
instead of themselves.” Cameron reported : 

Generalizations were numerous; and shifts from one hypothesis to another occurred without 
evidence of an unusual difficulty. The generalizations were unsuccessful [in solving thi. 
problem as set by the tester] because they were (a) too broad, (b) too involved, or (c) too 
entangled with personal problems and phantasies, or (d) because the language structure was 
so disorganized that it could neither function as social communication, nor serve as a basis 
for the patient’s own performance. Moreover, (c) the generalizations, even when quite correct, 
often did not lead to any corresponding act.-^ 

In short, the patients had trouble in organizing materials and conceptual tools. 
The patients’ “distortions” of material and situation seem to have been comparable 
to “distortions” of word usages. 

SUMMARY 

1. We have shown that in standard language usage the frequency of occur- 
rence of the different words in a given sample is mathematically related to the 
ranks of the words when arranged in order of decreasing frequency, this mathe- 
matical relation being a close approximation to an equilateral hyperbola. 

2. Utilizing this criterion, by means of its straight line expression on loga- 
rithmic graphs, we have studied the language behavior of a child (reported by 
Uhrbrock) and also the speech production of 3 psychiatric patients with diff'erent 
types and durations of psychoses, as exhibited in spontaneously written personal 
letters. We found that the curves for all subjects approximated roughly the 
equilateral hyperbola but that certain significant deviations therefrom character- 
ized the different subjects. 

(o) In the intimate personal letters of the patients (as also in considerable 
control material from personal letters of normal persons) the 10 most common 
words (essentially articulatory words) were used with considerably less frequency 
than in more formal discourse directed toward several persons, probably because 
there was less need for explanatory and definitive terms. This phenomenon was 
shown on the graphs by a bend toward the left at the top, here called the “top 
concavity.” 

(&) The child’s language production curve was characterized by a slight gen- 
eral concavit)’-, or slightly bow-shaped distribution, the bend (or region of greatest 
excess frequency) occurring about the region of words of the thirtieth or fiftieth 
rank. 

(c) One of the patients, who had a brief schizoaffective type of illness, and 
who has ’shown before, during and after her psychotic periods a childishly depen- 
dent attitude toward parent surrogates, showed in her language behavior graphs 
a slight general concavity comparable to that of the child, with the principal bend 
occurring usually about the region of the fiftieth to the one-hundredth rank. This 
patient’s graph showed also a consistent downward bend at ranks 11, 12 and 13. 

(d) A paranoid patient showed in his language behavior some small irregular 
deviations, not very constant from one sample to another. 

(c) A patient with paranoid schizophrenia showed in her language behavior 
graph a rigidly systematic deviation from the normal curve in the direction of a 
consistent, straight and uniform steepness, interpreted by us as an expression of 
an autistic speech tendency. 

3. As a tentative working hypothesis, we have interpreted our data in terms 
of opposing tendencies to repetitiousness and to diversification, which we have 
derived from considerations of economy and convenience; the tendency to repeti- 
tiousness tends to increase frequency of use and to diminish the number of dif- 
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ferent words, whereas the tendency to diversification tends to increase the 
number of different words and to diminish the relative frequency, the net resultant 
being a relatively steady proportionality, represented in the equilateral hyperbola. 
These two hypothetic tendencies have further been illustrated in tenns of an 
analogy with a set of mechanical tools, and our quantitative data have been 
interpreted in the light of these tendencies and this analogy. 

4. We have indicated the hypothetic possibility that these two tendencies are 
equivalent to the consideration of egocentric and allocentric convenience respec- 
tively. When we interpreted this t 3 ^pe of verbal egocentricity as autism, we found 
that the material of the patient with paranoid schizophrenia was definitely autistic 
as compared with all the other material presented. 

5. ^^'’e have further pointed out how an autistic person could go astray into 
a distortion of meanings by employing the normal mechanisms of linguistic and 
semantic changes for his own ease, without bothering to meet the normal prere- 
quisite of a social serviceability and a social understandability as necessary for 
all linguistic and semantic innovations, and that he might then find himself thereby 
verbally and conceptually handicapped in attempting to solve “neutral problems” 
set by a tester, and also in dealing with real problems in an actual world. 
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There are many reports in the literature demonstrating wide variations in oral 
dextrose tolerance curves for “normal” persons.^ Similar variations when found 
in mentally ill patients continue to be called abnormal in the psychiatric literature." 
McFarland and Goldstein ® have reviewed most of the older literature, and such a 
survey will not be repeated here. Recently Lozner, Winkler, Taylor and Peters 
have reemphasized the variations in oral dextrose curves and suggested, that much 
of the controversy concerning tolerance for carbohydrate in specific diseases would 
be resolved if a standard intravenous test were universally adopted. The present 
report is concerned with a reinvestigation of the values for intravenous dextrose 
tolerance curves of 30 patients with manic-depressive psychosis. For 19 of these 
patients a comparison of the curves following the oral and the intravenous admini- 
stration of dextrose has been made. 

METHODS AND MATERIAL 

The procedure for the intravenous dextrose tolerance test was essentially the same as that 
employed in the experiments of Lozner, Winkler, Taylor and Peters.’*' Patients were in a 
postabsorptive state. After the fasting blood sample was taken, 50 cc. of a SO per cent solu- 
tion of dextrose was injected intravenously during a period of five minutes. After this, 
samples of blood were taken at intervals timed from the end of the injection. 

In the oral tolerance tests the patient either drank or was given by stomach tube 250 cc. 
of a solution containing at least SO Gm. of dextrose. If the subject weighed more than 
50 Kg., 1 Gm. of dextrose per kilogram of body weight was ingested. 

\ 
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As in the investigation of Lozner, Winkler, Taylor and Peters, 'i” the blood proteins were 
precipitated by tlie Soinogyi zinc sulfate method,'^ and the filtrate was analyzed for the sugar 
content by a modification of Benedict’s macromethod ^ with the use of Rothberg and Evans’ 
tubes.® Usually three or more days were allowed to elapse between repeated oral and intra- 
venous tests. 

The patients were fed ward diets which contained considerable amounts of carbohydrate, 
but were adequate also in fats, proteins and vitamins. In some cases tube feedings were 
necessary to maintain caloric intake. Attempts were made to alter the oral dextrose curves 
by high fat diets. The patients complained so bitterh’^ that the diets were not continued for 
more than two weeks. 

The behavior of each patient, particularly with regard to mood and amount of activity, 
was studied, and an attempt was made to correlate these observations with the variations in 
the dextrose tolerance curves. The underactive patients were kept in bed during the test, 
except for a brief trip to the toilet if requested. !Most of the agitated patients also remained 
in bed, but a few manic or verj’- agitated persons were allowed to pace about in their rooms. 
All the patients were severely ill, being sufficienth' depressed, manic or agitated to require 
special nursing care in order to prevent suicide or to control overactivit 3 ^ 


DATA 

In figure 1 the intravenous dextrose tolerance curves are compared with the 
data of Lozner, Winkler, Ta3-lor and Peters.^” The upper and lower solid lines 
represent the maximum and minimum values for 60 normal subjects studied by 
them, except for the values at the second and third hour intervals after administra- 
tion of dextrose, when their statistical figures for the normal range were employed. 
In evaluating their results for the patients, these authors treated their data for the 
two hour interval statistically. Instead of using maximum and minimum values, 
they considered as outside the normal range any individual value differing from 
the mean normal value by an amount greater than three times the standard deviation. 
Two hours after administration of dextrose their mean value was 78.8 mg. per 
hundred cubic centimeters, with the standard deviation rt 7.2 mg., 65 to 99 mg. per 
hundred cubic centimeters being considered as the statistical normal range. If only 
minimum and maximum values are used as criteria, the normal range would be 65 
to 90 mg. per hundred cubic centimeters. Three hours after administration of 
dextrose the minimum value was 67 mg., the maximum value 81 mg., the arithmeti- 
cal mean 75.5 mg., the standard deviation ± 5 mg. and the statistical normal range 
60 to 91 mg. per hundred cubic centimeters. 

In figure 2 oral dextrose tolerance curves are compared with the data of 
Friedenson, Rosenbaum, Thalheimer and Peters.^*^ The lower and upper solid Jines 
represent the minimum and maximum values for their 10 subjects after the ingestion 
of 50 Gm. of dextrose, except for the maximum value two hours after administra- 
tion of dextrose. With the exception of a blood sugar of 125 mg. per hundred 
cubic centimeters for 1 subject, the maximum value was 88 mg. per hundred cubic 
centimeters. Foster"; Gilbert, Schneider and Bock,® and Hamman and Hirsch- 
man ® found that the sugar level of venous blood usually returns to normal two 

4. Somog}^, M. : A Method for the Preparation of Blood Filtrates for the Determination 
of Sugar: I. Effect of Zinc Salts upon Reducing Non-Sugars, J. Biol. Chem. 86:655, 1930. 

5. Benedict, S. R. : The Estimation of Sugar in Blood and Normal Urine, J. Biol. Chem. 
68:759, 1926. 

6. Rothberg, V. E., and Evans, F. A. : A Modified Folin and Wu Blood Sugar Method, 
J- Bbl.^Chem. 58:443, 1923. 

7. Foster, G. L. : Studies on Carbohydrate Metabolism: I. Some Comparisons of Blood 
Sugar Concentrations in Venous Blood and in Finger Blood, J. Biol. Chem. 55:291, 1923. 

8. Gilbert, M.; Schneider, H., and Bock, J. C.: Blood Sugar Studies, J. Biol. Chem. 
67:629, 1926. 

(Nov.) 1917. 

9. Hamman, L., and Hirschman, I. I.: Studies on Blood Sugar, Arch. Int. Med. 20:761 
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Fig. 1. — Intravenous dextrose tolerance curves. The upper and lower lines represent the 
extremes of the blood sugar levels for 60 normal persons studied by Lozner, Winkler, Taylor 
and Peters.^" At the intervals of two and three hours after administration of dextrose, 
statistical values for normal ranges were employed; at other intervals ma.ximal and minimal 
figures were used. 



Fig. 2. — Oral dextrose tolerance curves. The upper and lower lines represent maximal 
and minimal values and the broken line average values obtained by Friedenson, Rosenbaum, 
Thalheimer and Peters.^'’ The crosses (+) represent values for subjects with a prolonged 
curve. 



GILDEA ET AL.— MANIC-DEPRESSIVE PSYCHOSIS 


855 


hours after the administration of dextrose. It would seem, therefore, that a sugar 
content of 100 mg. per hundred cubic centimeters of blood would best represent the 
maximum level two hours after the administration of dextrose, and this value was 
used in drawing the normal curve. 

It is usually considered that the blood sugar rises at least to 130 mg. per 
hundred cubic centimeters at some time after the ingestion of dextrose. In 
Foster’s " studies there was a definite increase in blood sugar. Gilbert, Schneider 
and Bock ® found the maximum rise between fifteen and forty-nine minutes after 
the administration of dextrose. Although the minimum line on the graph agrees 
with the data of Hamman and Hirschman," the low values are uncommon for normal 
persons during the first hour of an oral dextrose tolerance test. The average 
values found by Friedenson, Rosenbaum, Thalheimer and Peters,^’’ which are 
represented on the graph by a broken line, probably constitute the “normal” 
response to ingestion of dextrose. In the figure, crosses (-f-) have been used to 
designate the oral blood sugar values which remained high for longer than the 
normal time. 

In the table are given the data on patients for whom both an intravenous and 
an oral dextrose tolerance curve were obtained. For 1 subject (patient 18) two oral 
but no intravenous studies were made. The psychotic state of each patient during 
hospitalization is noted briefly in the column at the right. Only 1 subject (patient 
18) showed pronounced changes in clinical symptoms at the times of two different 
dextrose tolerance tests : therefore no attempt has been made to describe the exact 
state of the patient on the day of each test. The patients are arranged in groups. 
In group I are 4 patients with normal oral and intravenous dextrose tolerance 
curv'es. In group II are 11 patients. 10 of whom had flat oral curves; the last 5 
patients had rapid diminution of the blood sugar after intravenous injection of 
dextrose. In group III are 5 patients with prolonged oral dextrose tolerances. 
The flat curves are designated by F, and the prolonged curves by P. The table does 
not include data on intravenous dextrose tolerance tests performed on 11 patients 
who did not also have oral dextrose tolerance tests. However, the results of all 
intravenous dextrose tolerance tests have been included in figure 1. 

RESULTS 

Thirty-four intravenous dextrose tolerance curves were studied for 30 patients 
With manic-depressive psychosis. Dots represent the sugar values determined at 
intervals after the injection of dextrose. As can be seen in figure 1, in 32 of the 34 
cun^es taken one hour after the injection of dextrose the blood sugar values were 
Within the minimum and maximum ranges for normal subjects, i. e., between 70 and 
148 mg, per hundred cubic centimeters of blood. In this figure, as well as in 
figure 2, it is impossible to designate the total number of determinations at any 
given time because frequently two or three determinations of the blood sugar on 
different patients gave identical results. 

For onl}'’ 24 of these curves were determinations of the blood sugar made two 
hours after the administration of dextrose. In 19 of these 24 curves the sugar 
values were within the normal range of 66 to 99 mg. per hundred cubic centimeters. 
Three curves (patients 16, 8 and another not indicated in the table) showed values 
below and 2 curves above the normal range. These high values (not included in 
the table) were found in the 2 patients who had blood sugars above the normal 
range one hour after administration of dextrose. Both these patients had symptoms 
of overactivity of the thyroid, with which a prolonged rise in blood sugar is often 
associated. On the whole, the data indicate that the removal of dextrose from 
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the blood is not retarded in patients with manic-depressive psychosis. It made no 
difference whether the patients were manic or depressed or had agitated depressions. 
Of the 30 subjects, 6 were manic, IS were depressed and 6 had agitated depressions. 

Inspection of the intravenous dextrose tolerance curves suggests that the 
removal of dextrose from the blood stream ma}' sometimes be accelerated in patients 
with manic-depressive psychosis. Five of 28 patients (the last patients in group II 
of the table) had blood sugar values at or below 105 mg. per hundred cubic centi- 
meters thirty minutes after the administration of dextrose. In the studies of Loz- 
ner, Winkler. Taylor and Peters,^*' only 7 of 52 normal subjects had a sugar con- 
tent below 105 mg. per hundred cubic centimeters of blood one-half hour after 
the administration of dextrose. Three patients, none of whom was identical with 
the 5 patients with low sugar values one-half hour after administration of dextrose, 
had blood sugar values of 58, 59 and 61 mg. per hundred cubic centimeters two 
hours after administration of dextrose, values below the minimum level of 65 mg. 
per hundred cubic centimeters. No specific symptom accompanied the rapid fall 
in blood sugar of these 8 patients. Patient 16, a woman aged 29, was so overactive 
and manic that she had to be placed in a dry pack for each venipuncture; patient 
12, a woman aged 25, was depressed and somewhat agitated, and patient 14, a man 
aged 60, was depressed and apathetic. Patient 11, a man aged 30; patient 8, a 
man aged 41 ; patient 13, a man aged 24; patient 15, a woman aged 30, and a woman 
aged 29, not indicated in the table, were cooperative but depressed. None of these 
patients had a notable loss of weight before the dextrose tolerance tests were made. 

In figure 2 are graphically represented 30 oral dextrose tolerance curves for 
20 patients with manic-depressive psychosis. As indicated in the table, of these 20 
patients, 4 were manic, 10 were depressed and 6 had agitated depressions. Their 
symptoms bore no relation to the behavior of the oral dextrose tolerance curve. In 
this figure it can be seen that 6 patients, two hours after administration of dextrose, 
had sugar values between 116 and 169 mg. per hundred cubic centimeters, a distinct 
elevation above 100 mg. per hundred cubic centimeters. In the last section of the 
table are grouped the data on 5 of the patients who showed these prolonged curves, 
including a curve for patient 16, for whom the maximum rise to 136 mg. per 
hundred cubic centimeters did not occur until an hour and a half after the ingestion 
of dextrose. Of these subjects, patient 17 was a man 64 years of age. Since a 
prolonged increase in blood sugar sometimes obtains in elderly patients, little 
significance can be attached to the two prolonged oral dextrose tolerance curves for 
this patient. 

All 5 subjects, except patient 16, had been admitted to the psychiatric wards 
more than three days before the tolerance tests were performed and had eaten at 
least fairly well during the forty-eight hours before the test. Patient 16 was 
admitted only twenty-four hours before the initial normal oral dextrose tolerance 
test. She was talkative and overactive and so uncooperative that it was necessary 
to administer the dextrose by stomach tube. However, the oral curves for this 
patient which were prolonged were obtained on subsequent dates, September 28 and 
October 19, when the patient had been hospitalized for some time and after daily 
special feedings had been administered. The prolonged curves, therefore, cannot 
be considered as due to carbohydrate deficiency prior to the dextrose tolerance 
test. 

It is apparent from the data in the table that all 4 patients who had prolonged 
oral dextrose tolerance curves and were studied with both oral and intravenous 
tests did not have prolonged intravenous curves, in spite of prolonged oral curv'-es. 
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The length of the oral curve is therefore attributable to irregularities in absorption 
of dextrose from the gastrointestinal tract, rather than to impairment in the removal 
of dextrose from the blood stream. 

Of the 4 subjects (patients 16, 17, 18 and 20) who had prolonged oral dextrose 
tolerance curves and on whom more than one oral test was made, only 1 (patient 
18) had symptoms of clinical improvement at the time of the final oral dextrose 
tolerance test. This oral curve when she was improved, was normal; the earlier 
oral curve, when she was seclusive and depressed, had been prolonged. 

In contrast to the prolonged oral dextrose tolerance curves, 10 patients had 14 
“flat” oral tolerance curves (table). This fact can be observed graphically in figure 
2 by noting the number of determinations which fell below the average values 
found by Friedenson and associates one-half and one hour after the ingestion of 
dextrose. These low values corroborate the foregoing conclusion that in the manic- 
depressive patient removal of carbohydrate from the blood stream is not retarded. 

COMMENT 

The absence of prolonged intravenous dextrose tolerance curves for manic- 
depressive patients was somewhat unexpected because earlier oral tests on such 
patients had not infrequently yielded prolonged curves. This observation is, 
however, in accordance with the data of Bowman and Kasanin and of White- 
horn.^^ These investigators found that in patients with mental disease the fasting 
blood sugar was usually within normal limits. This was true even when the 
patients exhibited symptoms of profound emotional excitement. 

Of the 5 patients in this series with prolonged oral dextrose tolerance curves, 
1 (patient 16) was given paraldehyde on the evenings before the tests on Sep- 
tember 28 and October 19. One may think of the possibility that such sedation 

delayed absorption of dextrose from the gastrointestinal tract. We are not 
aware of any clinical experience or note in the literature with respect to the effect 
of paraldehyde on the motility of the gastrointestinal tract. 

Since the other 4 patients with prolonged oral dextrose tolerance curves had 
barbiturates on the evenings preceding some of the tests and no sedation at other 
times, the length of the curve does not seem to be associated with the use of these 
drugs. To be specific, patient 19 had no sedation, and patient 17 had 10 grains 

(0.65 Gm.) of barbital the evening before September 19 and no sedation the eve- 

ning before November 14, although the tests on both these days gave prolonged 
curves. Patient 18 had no sedation the evening before the prolonged curve was 
obtained, but did have 3 grains (0.195 Gm.) of sodium amytal on the evening 
before the normal curve was taken. Patient 20 had 10 grains (0.65 Gm.) of 
barbital each evening before the test. 

In discussion of the results, it was stated that 3 patients, 8, 16 and another, 
had blood sugar values of 58, 61 and 59 mg. respectively per hundred cubic centi- 
meters two hours after the intravenous injection of dextrose. These are values 
below the minimum found for normal subjects — 65 mg. per hundred cubic centi- 
meters. Little emphasis can be placed on these 3 low values because Lozner, 
Winkler, Taylor and Peters found occasional instances of hypoglycemia in 
normal subjects. These authors, as well as Wilder also found that the three 

10. Bowman, K. M., and Kasanin, J.: The Sugar Content of the Blood in Emotional 
States, Arch. Neurol. & Psychiat. 21:342 (Feb.) 1929. 

11. Whitehorn, J. C. : The Blood Sugar in Relation to Emotional Reactions, Am. J. 
Psychiat. 90:987, 1934. 

12. Wilder, R. M.; Clinical Diabetes Mellitus and Hyperinsulinism, Philadelphia, W. B. 
Saunders Company, 1940. 
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liour intravenous dextrose tolerance test was of limited value in the diagnosis of 
pathologic hypoglycemia. Idiese 3 low values are of some interest, however, in 
connection with other observations. Five of 28 manic-depressive patients, but 
only 7 of the 52 normal subjects studied by Lozner and his co-workers,^'‘ had 
blood sugars below 105 mg. per hundred cubic centimeters of blood one-half hour 
after intravenous injection of dextrose. Ten of 20 patients had flat oral dextrose 
tolerance curves. There may be a connection between these low blood sugars and 
the fact that an exacerbation of manic-depressive symptoms is usually accompanied 
by loss in body weight. However, our data are insufficient for the formulation of 
any definite hypothesis. 

These spontaneous variations in oral dextrose tolerance curves were not pre- 
vented by standard diets. Soisalo’^ has reported similar experiences. Variations 
in the oral curves did not correspond with any special disorder in emotional status. 
These observations are similar to those of Katzenelbogen and Muncie,^'^ but do 
not agree with those of Dietliehn.'"' who found some correlation between the 
character of the oral sugar tolerance curves and the patient’s emotional status. 

COX'CLUSIOXS 

In none of the 34 intravenous dextrose tolerance curves obtained on 30 manic- 
depressive patients were high blood sugar values exhibited two hours after the 
intravenous injection of dextrose, except for 2 curves for patients who also had 
symptoms of overactivity of the thyroid. The 32 curves which were not pro- 
longed demonstrate that the removal of sugar from the blood stream is not 
retarded in manic-depressive patients. 

In 6 of 30 oral dextrose tolerance curves obtained on 20 manic-depressive 
patients, the sugar was elevated decidedly above 100 mg. per hundred cubic centi- 
meters of blood two hours after the ingestion of sugar. These prolonged oral 
dextrose tolerance curves were observed for patients who had normal intravenous 
dextrose tolerance curves. It may be concluded that abnormal oral dextrose 
tolerance values for manic-depressive patients are attributable to delayed absorp- 
tion of dextrose from the gastrointestinal tract and cannot be accepted as evidence 
of an intrinsic disorder of carbohydrate metabolism. 

Yale University School of Medicine. 

13. Soisalo, P. ; On the Blood Sugar Curve in Healthy Persons, Acta med. Scandinav., 
1930, supp. 34, p. 184. 

14. Katzenelbogen, S., and Aluncie, W. S. : Studies of Blood Sugar Curves in Mental 
Disorders, J. Nerv. & Ment. Dis. 82:162, 1935. 

15. Diethelm, O.; Influence of Emotions on Dextrose Tolerance, Arch. Neurol. & Psy- 
chiat. 36:342 (Aug.) 1936. 



SYNDROME OF INVOLVEMENT OF THE POSTERIOR 
CORD OF THE BRACHIAL PLEXUS 


RUSSELL N. DeJONG, M.D. 

ANN ARBOR, MICH. 

The motor and sensory changes that result from most varieties of injury to the 
brachial plexus are well known. The clinical picture seen in the upper arm type 
of involvement, or Erb’s paralysis, or the Erb-Duchenne syndrome, and that seen 
in the lower arm type, or the Dejerine-Klumpke S)mdrome, have been described 
on many occasions, as has total palsy of the brachial plexus. Less clearly defined, 
however, are those syndromes which may be produced by injury to the secondary 
divisions, or cords, of the plexus. Tinel ^ merely mentioned the possibility that 
these may be injured and stated that the syndrome of the posterior secondary 
trunk is characterized by complete paralysis of the circumflex and musculospiral 
nerves. Pollock and Davis - stated that lesions of the secondary cords are encoun- 
tered infrequently and that injury to the posterior cord results in paralysis of the 
muscles supplied by the radial and axillary nerves. The clinical picture resulting 
from a lesion of the posterior cord (fasciculus posterior) is described in the follow- 
ing case. 

REPORT OF A CASE 

A business man aged 39 slipped and fell while walking across a log on a hunting trip. 
In attempting to break the fall, he struck the left shoulder against a pole and suffered an 
anterior dislocation of the shoulder. A wrist drop was noticed immediately. He consulted 
his local physician at once, and the shoulder was replaced. For two or three days the patient 
noticed severe pain in the region of the shoulder, but not after that. He continued to have 
weakness of the extensor muscles of the wrist and hand and also weakness of extension 
at the shoulder. He had slight loss of sensation over the lateral aspect of the upper portion 
of the arm. There were some swelling and increased perspiration of the hand. 

On examination two weeks after the injury, the patient had complete paralysis of extension 
of the shoulder, elbow, wrist and fingers on the left side. The arm hung loosely at the 
shoulder, and there was loss of abduction and extension, of forward and backward movement 
and of both internal and lateral rotation of the shoulder. On attempts to abduct the arm the 
patient shrugged his shoulder and tilted his body to the right. He was unable to extend 
the forearm, wrist or fingers, and there was a complete wrist drop. There was weakness 
but not complete loss of grip. Abduction and extension of the thumb were absent. The hand 
was held in pronation, with definite weakness of supination. There was atrophy of the deltoid 
and posterior axillary muscles, and to a lesser extent of the triceps and the extensor muscles 
of the hand. The triceps, deltoid and radial periosteal reflexes were absent. The biceps 
reflex was active. There was a circumscribed area of anesthesia over the lateral aspect of 
the upper portion of the arm just below the shoulder, but no other sensory changes could be 
demonstrated. The fingers and hand were swollen, and the skin was moist and cyanotic. 

The patient also showed evidence of secondary contractures and periarticular adhesions, 
both of the shoulder and of the hand. These were broken up by manipulation, with the patient 
under anesthesia, with resulting gain in range of motion, followed by slow, but progressive, 
improvement in function. When the patient was last seen, thirteen months after the injury, 
the principal residuals consisted of \yeakness of the extensor muscles of the fingers and thumb. 
There had been complete return of function in the muscles of the shoulder and the upper part 
of the arm, and the patient was able to extend the forearm and wrist. ' 


From the Department of Neurology, the University of Michigan Medical School and 
University Hospital. 

1. Tinel, J. : Nerve Wounds, New York, William Wood & Company, 1917, p. 222. 

2. Pollock, L. J., and Davis, L. : Peripheral Nerve Injuries, New York, Paul B. Hoeber, 
Inc., 1933, p. 400. 
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The posterior cord (fasciculus posterior) of the brachial plexus is supplied by 
fibers originating from the anterior rami of the fifth, sixth, seventh and eighth 
segments of the cervical portion of the spinal cord, and probably of the first dorsal 
segment. It is formed by fusion of the posterior divisions of the lateral (upper), 
middle and medial (lower) trunks of the plexus. From the posterior cord 
originate the thoracodorsal nerve (nervus thoracodorsalis), the upper and lower 
subscapular nerves (nervi subscapulares), the axillary nerve (nervus axillaris) 
and the radial nerve (nervus radialis). The upper, or short, subscapular nerve 
supplies the subscapular muscle, which brings about medial rotation of the humerus 
when the arm is vertical and draws forward the humerus when the arm is in 
abduction. The lower subscapular nerve supplies the teres major muscle, which 
extends and adducts the arm and rotates it medially ; it also supplies part of the 
subscapular muscle. The thoracodorsal, or long subscapular, nerve supplies the 
latissimus dorsi muscle, which adducts and extends the humerus and rotates it 
internally. The axillaiy^ or circumflex, nerve supplies the deltoid and the teres 
minor muscle. The deltoid muscle is the principal abductor of the humerus; it 
raises the arm to the horizontal position and also aids in forward and backward 
movement of the humerus. The teres minor muscle rotates the humerus laterally 
when the arm is in the vertical position and draws the humerus backward when 
the arm is in the horizontal position. It is an abductor and an external rotator. 
The axillary nerve also has a cutaneous branch, the lateral brachial cutaneous 
nerve, which supplies the skin over the lateral surface of the upper half of the arm. 

The radial, or musculospiral nerve is the lai'gest of the nerves which come 
off from the posterior cord of the brachial plexus and is in reality a continuation 
of the cord. It supplies the extensors of the forearm, wrist and fingers. The 
largest muscle which it supplies is the triceps, which is the extensor of the fore- 
arm on the upper part of the arm; it also acts to draw the entire arm backward. 
Functioning with the triceps and assisting it in extension of the forearm is the 
anconeus muscle. The radial nerve supplies the brachioradialis, or supinator 
longus, muscle, which flexes the arm and brings about slight supination, and the 
brachialis muscle, which is one of the flexors of the forearm, but the latter muscle 
derives its principal supply from the musculocutaneous nerve. The radial nerve 
supplies the extensor muscles of the wrist, hand and fingers, namely, the extensor 
carpi radialis longus, the extensor carpi radialis brevis, the extensor digitorum 
communis, the extensor digiti quinti proprius, the extensor carpi ulnaris and the 
extensor indicis proprius. The extensor carpi radialis longus extends the hand 
and brings about slight abduction ; the extensor carpi radialis brevis is an extensor 
of the hand; the extensor digitorum communis extends the phalanges of the sec- 
ond, third, fourth and fifth fingers, and secondarily brings about extension of the 
hand; the extensor digiti quinti proprius causes extension of the little finger; 
the extensor carpi ulnaris causes extension and adduction of the hand, and the 
extensor indicis proprius extends the index finger. The extensor pollicis longus, 
the extensor pollicis brevis and the abductor pollicis longus, three muscles of the 
thumb, are also supplied by the radial nerve. The long abductor muscle causes 
abduction and slight extension of the thumb and abduction of the hand; the 
extensor pollicis brevis brings about abduction of the thumb and extension of the 
first phalanx, and the extensor pollicis longus brings about extension of the ter- 
minal phalanx and extension and slight abduction of the thumb. Finally, the 
radial nerve also supplies the supinator muscle (supinator radii brevis), which 
btings about supination of the hand. The cutaneous branches of the radial nerve 
are the medial brachial cutaneous, the posterior brachial cutaneous and the dorsal 
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antibrachial cutaneous, which supply areas over the arm and forearm areas which 
are also supplied to a certain extent by the ulnar and median nerves. The super- 
ficial radial nerve, through a lateral terminal branch, supplies portions of integu- 
ment over the radial side of the thumb and the thenar eminence not supplied by 
other nerves of the forearm, and, through a medial terminal branch, supplies 
portions of the index and middle fingers which are also supplied by other cutaneous 
nerves. 

COMMENT 

In the case reported here there was evidence of involvement of the posteidor cord 
of the brachial plexus. There were complete involvement of the axillary nerve, 
with paralysis of the deltoid and the teres minor muscle and paralysis of the 
subscapularis, the latissimus dorsi and the teres major muscle. As a result, there 
were loss of abduction, extension and internal and external rotation at the shoulder 
and loss of forward and backward movement of the arm. In addition, there was 
evidence of complete paralysis of the radial nerve, with wrist drop and paralysis 
of extension at the elbow, hand and wrist, paralysis of the thumb muscles and loss 
of supination. The outstanding atrophy was in the deltoid, although there was 
some atrophy of the triceps, the posterior axillary muscles and the extensors of 
the hand. The deltoid, triceps and radial reflexes were absent. Horner’s syndrome 
was not present, but there were some swelling and cyanosis and increased perspira- 
tion over the hand. There was no evidence of involvement of the rhomboid mus- 
cles or of the supraspinatus or infraspinatus muscle, and there was no weakness 
of the biceps. The sensory changes, which were in the distribution of the axillary 
nerve, were minimal, but with lesions of the brachial plexus the sensory loss is 
always much less than would be expected from the known cutaneous distribution 
of the nerves involved. The syndrome did not correspond to either the upper 
or the lower arm type of lesion of the brachial plexus, but showed evidence of 
involvement only of those muscles which are supplied by the branches of the 
posterior cord of the brachial plexus. 

University Hospital. 



ENCEPHALOPATHY FOLLOWING INTRAVENOUS 
ADMINISTRATION OF ARSENICAL 
PREPARATIONS 

DAVID A. BOYD Jk., M.D. 

AND 

LOUIS NIE, M.D. 

1NDIANAP0I.IS 

During the past year 4 patients with encephalopathy following treatment with 
arsenical preparations were admitted to or seen in consultation by the neurological 
service of the Indianapolis Cit}^ Hospital. In 2 cases the disease followed routine 
intravenous administration of neoarsphenamine and severe involvement of the 
central nervous system progressed to an earty fatal termination. In the other 
2 cases the complication occurred during the course of five day massive mapharsen 
therapy and the clinical picture was also alarming, but the patients quickly recov- 
ered, without residual manifestations. The striking difference in the clinical course 
and termination in these cases led us to review the problem of disturbances of 
the central nervous system following intravenous administration of arsenical 
preparations. 

ENCEPHALOPATHY FOLLOWING ADMINISTRATION OF ARSPHENAMINE 

Since the first report, in 1911, of severe neurologic manifestations following 
the intravenous administration of arsphenamiiie, there have been numerous publi- 
cations concerned with this important, and often fatal, complication. Many facts 
with regard to the incidence and clinical manifestations have been established by 
Glaser and associates ^ and Globus and Ginsburg,” but some of the etiologic aspects 
and pathologic features are less well understood. In 158 cases ^ of involvement 
of the central nervous system it was found that the mortality rate was 76 per 
cent, and 1 case of fatal cerebral complication occurred in every 5,398 cases in 
which this drug was used in treatment. The involvement of the central nervous 
system most frequently (in 50 per cent) followed the second injection of the 
arsphenamine preparation, although cases were reported in which it followed the 
fifteenth dose. The neurologic disturbance occurred in either sex at any age; 
instances of the disorder have been reported in infants of 5 months ® and in adults 
past 60 years of age. Severe involvement followed small doses, as well as large 
ones, and occurred after the use of arsphenamine, neoarsphenamine, sulfarsphen- 
amine and sodium arsphenamine. That the syndrome was not due to an accidental 

Read before the Academy of Pathological Science, the New York Medical College, Oct. 19, 
1942. , s , , 

From the Department of Neurology and Psychiatry, Indiana University School of Medicine 
and the Indianapolis City Hospital. 

1. Glaser, M. A. Imerman, C. P., and Imerman, S. W. ; So-Called Hemorrhagic 
^cephalitis and Myelitis Secondary to Intravenous Arsphenamine, Am. J. M. Sc. 189:64, 

2. Globus, J., and Ginsburg, S.: Pericapillary Encephalorrhagia Due to Arsphenamine 
Arch. Neurol. & Psychiat. 30:1226-1247 (Dec.) 1933. 

3. Black, "W. C. : Death from Hemorrhagic Encephalitis Following Treatment with 
bulpharsphenamine. Am. J. Dis. Child. 51:609-613 (March) 1936. 
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toxic quality of the arsenical preparation was shown in 1 case in Avhich an 
ampule was divided between 2 patients, 1 of whom had toxic cerebral manifesta- 
tions and the other did not. At first the symptoms referable to the central nervous 
system were attributed to an unusuall}' severe Herxheimer reaction, with tissue 
poisoning from the liberated endotoxins of destroyed spirochetes. However, in 
the intervening years so many t)'pical cases of the disorder have been reported 
in nonsyphilitic patients that syphilis is no longer believed to have any important 
etiologic role. 

The clinical features are also well known. The severe manifestations may 
develop within twelve to one hundred and forty-four hours after the administra- 
tion of the drug, but the usual time of onset is two and a half days after the 
injection. The initial symptom is usually intense headache, occurring a few hours 
after the injection and lasting one or two days, followed by vomiting, convulsions, 
mental disturbances and stupor. Numerous focal neurologic manifestations have 
been reported, and these var}^ widely. Globus and Ginsburg - attempted to define 
a clinical symptom complex which was characteristic, but found little beyond an 
array of signs and symptoms which could be caused b}^ any widespread inflam- 
matory or degenerative disease of the central nervous system. 

Postmortem examination in cases of this syndrome revealed marked edema 
and congestion of the brain and multiple petechial hemorrhages, which coalesced 
to form large hemorrhagic areas throughout the white matter of the cerebrum, 
cerebellum, midbrain and pons. Because of these conspicuous hemorrhages the 
syndrome was named “hemorrhagic encephalitis” or “brain purpura.” Micro- 
scopic examination disclosed that the large hemorrhagic areas were made up of 
many small foci, which consisted of a dense ring of red blood cells, a clear, unstained 
center and a central capillary. These ring hemorrhages were considered the patho- 
logic characteristic of arsphenamine encephalopathy. The reason for the ring 
form of the hemorrhage was uncertain; some authors expressed the belief that 
the blood came from capillaries surrounding the central precapillary, while others 
said that the ring form was due to perivascular bleeding, the hemorrhage being 
subsequently carried out\Vard to form a ring by the swelling of the tissue. 

Spielmeyer noted the similarity of these foci to those observed with malaria, 
pernicious anemia, burns and scarlet fever and called attention to the zone of 
perivascular necrosis about the central vessel and the wreath of neuroglia inter- 
posed between this zone and the outer ring hemorrhage. Alpers ® studied so-called 
hemorrhagic encephalitis in various disorders and expressed agreement with Spiel- 
meyer concerning the perivascular necrosis; he concluded that the hemorrhage 
was an unimportant feature. Both authors observed foci in which no hemorrhage 
had occurred and concluded that the perivascular necrosis was the outstanding 
feature, and Alpers suggested the name “medullary perivascular necrosis” for the 
condition. However, in none of his cases did this reaction follow the intravenous 
administration of arsphenamine. 

Although the hemorrhagic lesion was usuall}'^ considered the typical patho- 
anatomic change associated with arsphenamine poisoning, occasional cases were 
reported in which hemorrhage was insignificant or absent. Russell ® studied a 

4. Miller, M. : Four Types of Encephalitis, J. A. M. A. 97:161-164 (July 18) 1931. 

5. Alpers, B. J. : So-Called “Brain Purpura” or “Hemorrhagic Encephalitis,” Arch. 
Neurol. & Psychiat. 20:497-523 (Sept.) 1928. 

6. Russell, D. S.: Changes in the Central Nervous System Following Arsphenamine 
Aledication, J. Path. & Bact. 45:357-366, 1937. 
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case in which only a few petechiae were noted, but there were numerous areas 
of perivascular nonhemorrhagic necrosis. She reported 2 other cases in which 
both hemorrhagic lesions and perivascular necroses were present and concluded 
that the nonhemorrhagic type was a less intense tissue reaction. More recently, 
Roseman and Aring ' reported a case in which the changes were identical with 
those in Russell’s first case. 

The cause of such neuropathologic lesions is undetermined, although there are 
numerous theories regarding their origin. Practically all observers have agreed 
that disturbance of the cerebral vascular sj^stem and blood supply is of primary 
importance, but just how this occurs remains a matter of conjecture. The 
earlier authors advanced various explanations, such as stasis of blood due to venous 
thromboses, diapedesis of red blood cells following injury of capillary endothelium 
or fat embolism with necrosis of capillary walls. Ehrlich ® expressed the belief 
that delayed excretion of arsphenamine due to impaired renal function allows the 
formation of a derivative (paraminophen 3 *larsenoxide) , which has an irritative effect 
on the capillaries. More recently the hypothesis has been advanced ° that the 
lesions are due to a direct and selective effect of the arsphenamine molecule, or 
some of its fractions, which has a dilating and destructive action on the vascular 
endothelium, resulting in Congestion, stasis and hemorrhage. 


REPORT OF CASES 


Case 1. — A Negress aged 33 was admitted to the hospital on Aug. 25, 1941. Three weeks 
previously it was discovered that she had syphilis and mild pellagra. Intravenous injections 
of neoarsphenamine (0.3 Gm.) were instituted; shortly after the second treatment, on August 
20, she complained of a severe headache, which continued until August 24. At this time she 
became unconscious, and she was brought to the hospital the next day. 

The patient was in deep coma, and there was marked diaphoresis. The pupils were equal 
and reacted to light; further neurologic examination gave normal results except for the 
absence of knee and ankle jerks. The temperature was 97.4 F., and the blood pressure was 
130 systolic and 80 diastolic. Urinalysis revealed that the reaction for albumin was 2 plus 
and that for acetone 2 plus. The blood sugar was 122 mg. and the nonprotein nitrogen 
27 mg. per hundred cubic centimeters. The Kline and Kahn reactions of the blood were 4 
plus. Examination of the spinal fluid revealed a 1 plus reaction for globulin, no cells, a nega- 
tive Wassermann reaction, 94 mg. of sugar per hundred cubic centimeters and a Lange curve 
of 5555543322. 

During the next day the patient remained in coma and assumed a position with stiffness of 
the extremities, suggesting decerebrate rigidity. The right eye deviated laterally, there was 
slight swelling of the optic disks, and the retinal veins were full. She had numerous general- 
ized convulsive seizures, which began with tw-itching of the right arm. The tendon reflexes 
were present in the right upper extremity but were absent in the left. The knee jerks were 
present and hyperactive; the ankle jerks were absent. The Babinski sign was suggestively 
positive on the left side. 

During the ensuing days the patient continued to have repeated convulsive seizures. She 
received injections of 50 per cent sucrose, of physiologic solution of sodium chloride and 5 per 
cent dextrose, as well as epinephrine, but she did not respond and died on August 29. 

General Pathologic Examination . — Petechial hemorrhages were observed beneath the endo- 
cardium of the right auricle. *Except for congestion of the lungs, liver and kidneys and 
pulmonary edema, further examination revealed nothing remarkable. 


7. Roseman, E., and Aring, C. D.: Encephalopathy Following Neoarsphenamine Treat- 
ment, New England J. Med. 224:550-553, 1941. 

8. Ehrlich, P.: Deaths After Salvarsan: Encephalitis Hemorrhagica, Brit. M. J. 1:1044- 
1045, 1914. 

Scott, E., and Moore, R. A.; Fatalities Following the Use of Arsphenamine, J. Lab. 
& Chn. Med. 13:345-353, 1928; Fatalities Following the Use of Arsphenamine, Am. J. Syph 
Gonor. & Ven. Dis. 12:252-262, 1928. Globus and Ginsburg.2 
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Examination of the Brain . — ^The surface vessels of the brain were congested, and the con- 
volutions were swollen and flattened. There was a yellowish discoloration of the superior 
surface of the corpus callosum. Section of the brain revealed large hemorrhagic areas, formed 
by the confluence of many small petechiae. They were especially large and abundant in the 
white matter around the ventricles and in the corpus callosum and the centrum semiovale 
(fig. 1). The blood vessels throughout the brain were prominent and congested, and many 
of the smaller ones had a red areola of perivascular bleeding. In the midbrain (fig. 2) 
were hemorrhagic areas measuring 1 cm. in diameter and similar smaller foci were observed 
in the pons. 



Fig. 1 (case 1). — Large hemorrhagic areas in the white matter due to the confluence of 
small petechiae. 

Microscopic examination of the meninges disclosed pronounced congestion, but nothing, else' 
noteworthy. Sections from various parts of the brain revealed generalized edema and con- 
gestion. In the cortex there were toxic changes with acute swelling of ganglion cells, but 
the most outstanding manifestations were in the white matter. The hematoxylin and eosin 
stain revealed two types of lesions. The lesions with hemorrhage were the most conspicuous 
and usually consisted of closely packed red blood cells, which overflowed the tissue between 
the dilated, congested vessels (fig. 3), but hemorrhages of the ring type were also present. 
The intima of smaller vessels showed swelling and proliferation. Another type of lesion, 
noted in areas not obscured by hemorrhage, was the nonhemorrhagic area of necrosis, usually 
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adjoining a precapillary which contained a hyaline thrombus (fig. 4). Such lesions were 
spongy in texture and relatively acellular and showed little evidence of a peripheral neuroglial 
reaction. Occasional ameboid glia cells were noted in these foci. These nonhemorrhagic 
necroses sometimes occurred singly, but more usually they were in groups, which coalesced 
to form large necrotic foci. Scarlet red preparations showed no fat in the few cells in these 
zones. 

Spielmeyer preparations revealed focal demyelination surrounding many of the smaller blood 
vessels (fig. S). This demyelination occurred in both the hemorrhagic and the nonhemorrhagic 
foci. Demyelinated zones of equal size might or might not contain blood. No transitional 
stages between the two types could be seen, and it was impossible to determine whether one 
type of lesion progressed to the other. 



Fig. 4 (case 1).— Nonhemorrhagic area of necrosis adjoining a thrombosed capillary. 
Hematoxylin and eosin stain ; X 95. 

Case 2. — A Negress aged 27 was admitted to the hospital on April 27, 1942 because of 
convulsions and coma. The only history available was the statement that convulsive seizures 
followed by coma had begun sorne thirty hours previously. She had frequent tonic and clonic 
convulsions and remained in deep coma between seizures. The axillary temperature was 100 F., 
and there was pronounced diaphoresis. There was marked rigidity of the neck. The arms were 
held stiffly at the sides, and the legs were maintained rigidly in extension. The pupils were 
equal and reacted promptly to light. The optic disks were not elevated, and no pathologic 
condition was noted in the fundi. The tendon reflexes were all present, hyperactive and equal 
bilaterally. No pathologic reflexes were elicited. 

Lumbar puncture disclosed that the cerebrospinal fluid was apparently under increased 
pressure, but the manometric readings were inaccurate because of faulty connections. Exami- 
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nation of the spinal fluid revealed a total protein of 278 mg. per hundred cubic- centimeters, 
a 4 plus reaction for globulin, 1 lymphocyte per cubic millimeter, a negative Wassermann 
reaction, a Lange curve of 0000000000 and a sugar content of 81 mg. per hundred cubic centi- 
meters. The blood count showed 110 per cent hemoglobin, 5,960,000 red cells and 3,750 white 
cells per cubic millimeter and a normal differential count. Urinalysis revealed a 2 plus reaction 
for albumin and occasional granular casts. The blood sugar was 115 mg. per hundred cubic 
centimeters, and the nonprotein nitrogen was 88 mg. 

During the next two days the patient remained unconscious and did not respond to treat- 
ment. She died on April 30, the temperature rising to 107 F. shortly before death. On this 
day it was learned that she had received two injections of 0.45 Gm. of neoarsphenamine, the 
first injection having been administered two weeks and the second dose about one week before 
her admission to the hospital. 

General Pathologic Examination . — Petechial hemorrhages were noted beneath the endo- 
cardium, in the myocardium and beneath the mucosa in the pelves of the kidneys. Microscopic 



Fig. 5 (case 1). — Focal demyelination about a capillary. Spielmeyer stain; X 47. 


examination revealed severe degenerative changes in the renal tubular epithelium. Aside from 
bronchopneumonia and chronic pelvic inflammatory disease, the observations were not 
remarkable. 


Examination of the Brain . — The meningeal vessels were conspicuously congested; the brain 
was swollen, and the convolutions were flattened. Section of the brain revealed numerous 
petechial hemorrhages, which were either scattered or fused together to form large hemor- 
rhagic areas. They were especially abundant in the corpus callosum, the internal capsule and 
the white matter around the lateral ventricles. Large hemorrhagic areas were present in the 
occipital lobes adjacent to the ventricle. Occasional hemorrhages were observed in the caudate 
nuclei. Numerous discrete hemorrhages were noted in the midbrain, the superior cerebellar 
peduncles and the white matter of the cerebellum. 

Microscopic examination revealed pronounced congestion and edema throughout the brain. 
The ganglion cells of the cortex exhibited moderate toxic changes, but no outspoken lesions 
appeared. Sections from the white matter revealed numerous isolated or fused lesions around 
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the dilated and congested vessels. Some of these were perivascular hemorrhages, occasionally 
in ring form (figs. 6 and 7), while others were nonhemorrhagic necroses. In the latter areas 
were fragments of myelin, but the scarlet red stain did not reveal any fat. No significant 
glial reaction was observed, although degenerating neuroglia cells were seen in these foci. 
Spielmeyer preparations (fig. 8) revealed multiple foci of demyelination adjoining small vessels; 
these foci were either scattered throughout the white matter or fused together to form a large 
demyelinated area. Some of these perivascular foci were filled with blood, while others of 
equal size were nonhemorrhagic. In some a small wreath of red blood cells surrounded the 
central capillary, but the demyelination extended for a considerable distance beyond this 
thin perivascular hemorrhage. 

In both cases the cerebral lesions had a similar distribution in the white matter 
about the ventricles and in the connecting pathways. The constant proximity to 
the blood vessels of the nonhemorrhagic necroses and the hemorrhagic lesions 



Fig. 6 (case 2). — Global pericapillary hemorrhage. Azan stain; X 80. 


Avas evidence that they both resulted from some initial vascular disturbance. In 
favorably cut sections it tvas apparent that the focal nonhemorrhagic necroses 
adjoined a vessel in which there was marked interference with the flotv of blood, 
due either to stasis or to thrombosis. In structure they resembled lesions described 
by Putnam and Alexander and others as due to venous stasis and thrombosis, 
and it is probable that they Avere focal necroses resulting from A’^ascular disturbance. 
The hemorrhagic lesions indicated a moi'e severe degree of capillar}- damage. In 
case 2 some demyelinated areas contained a few scattered red blood cells or a 
small ring of blood around the dilated vessel, the hemorrhage into the necrotic 
foci suggesting that it had occurred as an end result of severe capillary dilatation 

10. Putnam, T., and Alexander, L. : Tissue Damage Resulting from Disease of Cerebral 
Blood Vessels, A. Research NerAA & Ment. Dis., Proc. (1937) 18:544-567, 1938. 
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and stasis. Such observations would indicate that the two varieties of lesions, 
although dift'ering in t3^pe, have a common vascular basis and represent differences 
in degree of tissue injury. The relationship of the various pathologic changes 
might be explained by the following hypothesis. In some patients pronounced 
capillary dilatation, stasis and possibly thrombosis occur in the central nervous 
S3'stem after intravenous administration of arsphenamines. Serous exudation from 
the engorged vessels and edema occur and focal tissue necrosis, owing to pressure 
and interference with the blood supply, follows. As an end result of the most 
severe form of capillaiy injury, hemorrhage into the perivascular foci may occur. 
Such an explanation of the varying degrees of severity of tissue injur3'- would account 



Fig. 7 (case 2). Ring hemorrhages” immediately adjoining those shown in figure 6. Azan 
stain ; X 80. 

for the differences in the pathologic picture in various cases in the literature. Thus, 
it is reasonable that in some fatal cases onty cerebral congestion and edema, and 
in others edema and focal demyelination, are present, while in the remainder 
hemorrhagic lesions predominate. 

encephalopathy following five day massive therapy 

WITH MAPHARSEN 

The original five day therapy program of Chargin, Leifer and Hyman consisted 
of dail3- intravenous infusions of solutions of neoarsphenamine. This prepara- 
tion was later abandoned because of the occurrence of complications, which included 
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peripheral neuritis, in 35 per cent of cases, and death due to acute cerebral 
involvement, in 1 case, Mapharsen was then employed because of its lower 
toxicity, and 1,200 mg. of this drug administered over a period of five days was 
established as a safe and effective dosage.^ ^ Mapharsen has proved to be less 
toxic than neoarsphenamine, but serious manifestations referable to the central 
nervous system occurred in about 1 per cent of patients undergoing massive 
mapharsen therapy, and the fatality rate from such complications was about 
0.3 per cent. In the following cases acute encephalopathy followed massive ther- 
apy with mapharsen. 

Case 3. — A white girl aged 17 years was admitted to the hospital in March 1942 for 
five day. massive therapy with mapharsen. She had the seropositive, secondary stage of 
syphilis. The past history included attacks of “rheumatism, double pneumonia and mastoid- 



Fig. 8 (case 2). — Foci of demyelination. Spielmeyer stain; X SO 

itis” at 8 years of age. In August 1941 she was delivered of a full term child. She was 
confined to bed during the last two weeks of gestation because of edema of the ankles; at 
this time she was told she had hypertension and a renal complication. Physical examination 

11. Hirshfeld, S. ; Hyman, H. T., and Wanger, J. J. : Influence of Velocity on Response 
to Intravenous Injections, Arch. Int. Med. 47:259-287 (Feb.) 1931. Chargin, L. ; Leifer, W., 
and Hyman, H. T. : Studies of Velocity and Response to Intravenous Injections: Application 
of Intravenous Drip Method to Chemotherapy as Illustrated by Massive Doses of Arsphenamine 
in Treatment of Early Syphilis, J. A. M. A. 104:878-883 (Alarch 16)' 1935; Massive Dose 
Arsenotherapy of Syphilis by Intravenous Drip Method: Five Year Observations, Am. J. M. Sc. 
197:480, 1939. Baehr, G. : Massive Arsenotherapy in Early Syphilis by the Continuous 
Intravenous Drip Method: The Preliminary Work with Neoarsphenamine, Arch. Dermat. & 
Syph. 42:239-244 (Aug.) 1940. Leifer, W. : Massive Arsenotherapy in Early Syphilis by the 
Continuous Intravenous Drip Method, ibid. 42:245-247 (Aug.) 1940. Rice, J. *L. : Massive 
Arsenotherapy in Earl 3 ' Sj’philis by the Continuous Intravenous Drip Method, ibid. 42:283-284 
(Aug.) 1940. Hyman, Chargin, Rice and Leifer.^^“ Chargin. Elliott and others. Leifer, 
Chargin and Hyman.-i 
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gave normal results except for the cutaneous lesions. Hemocytologic examination revea'led 
SO per cent hemoglobin, 4,360,000 red cells and 6,300 white cells per cubic millimeter and a 
normal differential count. The nonprotein nitrogen of the blood measured 29 mg. per hundred 
cubic centimeters. Urinalysis revealed a faint trace of albumin. 

On the first day of treatment there were nausea, vomiting and accentuation of the secondary 
lesions. During the second day the patient complained of aching and weakness of the lower 
extremities; this was worse on the third day, and the nausea and vomiting were more severe. 
On the fourth day she was given thio-bismol, 0.2 Gm. intramuscularly, in addition to the regular 
infusion of mapharsen. Nausea, vomiting and weakness and pain in the legs continued through- 
out the fifth day, but she completed the course of treatments, receiving 1,200 mg. of mapharsen, 
in daily doses of 240 mg. 

During the morning of the sixth day (first post-therapy day) she became apprehensive and 
confused and complained of pounding headache and stiffness and aching of the legs. Neurologic 
examination gave essentially normal results. Lumbar puncture revealed a pressure of 260 mm. 
of water, and examination of the fluid disclosed a 1 plus reaction for globulin, a total protein 
content of 95 mg. per hundred cubic centimeters, 4 lymphocytes per cubic millimeter, a 4 plus 
Wassermann reaction, 58 mg. of sugar per hundred cubic centimeters and a Lange curve of 
1123311000. Urinalysis revealed a trace of albumin and a 4 plus reaction for urobilinogen. 
The nonprotein nitrogen of the blood was 22 mg. per hundred cubic centimeters. 

On the seventh day the patient continued to be lethargic and confused and complained of 
photophobia and generalized pain. Lurhbar puncture revealed a pressure of 160 mm. of water, 
and examination of the fluid disclosed a 1 plus reaction for globulin, 11 lymphocytes and 3 red 
blood cells per cubic millimeter, a 4 plus Wassermann reaction, a total protein content of 
263 mg. per hundred cubic centimeters and a Lange curve of 4444333310. During the eighth 
day she was semistuporous and delirious and screamed when the extremities were touched or 
moved. There was puffiness about the eyes, and a toxicoderma was distributed over the entire 
body. Neurologic examination revealed irregularity of the right pupil, which was larger than 
the left, but both pupils reacted to light. Extraocular movements were normal, and there was 
no nystagmus. The retinal veins were distended, and the outline of the disks was blurred, with 
slight elevation of the left. Examination of the rest of the cranial nerves revealed nothing 
abnormal except for slight weakness of the left side of the face and marked tremor of the tongue. 
The deep reflexes of the arms were hyperactive but bilaterally equal. The knee and ankle 
jerks were normal and equal on the two sides. Abdominal reflexes were absent. The Kernig and 
Brudzinski signs were positive. No pathologic reflexes were elicited. There was pronounced 
tenderness to pressure over the nerve trunks and muscles. Examination of the spinal fluid 
revealed a 1 plus reaction for globulin, 8 lymphocytes and 70 red blood cells per cubic milli- 
meter, a 4 plus Wassermann reaction, a total protein of 249 mg. per hundred cubic centimeters 
and a Lange curve of 0111233210. On the tenth day the pain in the legs was diminished, and 
mental symptoms had disappeared except for short periods of confusion. The patient was able 
to move the extremities, and the tremor of the tongue was diminished. Examination of the 
spinal fluid revealed no cells, a 4 plus Wassermann reaction, a Lange curve of 0001222000 and 
a total protein content of 142 mg. per hundred cubic centimeters. 

On the fifteenth day she regained bladder control, which had been lost on the eighth day. 
Spinal fluid pressure on the twenty-third day was normal, and the fluid contained a faint trace 
of globulin, 93 lymphocytes per cubic millimeter, a negative Wassermann reaction, a Lange 
curve of 0000000000 and 55 mg. of sugar and 47 mg. of total protein per hundred cubic centi- 
meters. When she was discharged, on the twenty-fourth day, she presented no symptoms except 
slight hyperesthesia and pain on pressure over the nerve trunks. The psychiatric and neurologic 
examinations gave completely normal results. 

The patient gained weight and strength rapidly during the next two months. At this 
time she felt better than before treatment and had more energy and fewer headaches. There 
were no residual manifestations of the acute encephalopathy. The spinal fluid pressure was 
normal, and examination of the fluid revealed no globulin, 3 cells per cubic millimeter, a 
negative Wassermann reaction, a Lange curve of. 0000000000 and a total protein content of 
24 mg. per hundred cubic centimeters. 

Case 4. — A white man aged 32 was admitted to the hospital for five day massive treatment 
with mapharsen. He had the acute secondary stage of syphilis, and dark field and serologic 
examinations gave positive results. His past history was essentially without significance except 
for “fainting attacks” when he was frightened. Physical examination revealed nothing abnormal 
but the cutaneous lesions and pallor. Hemocytologic examination revealed 77 per cent 
herhoglobin, 4,020,000 red cells and 6,300 white cells per cubic millimeter and a normal 
differential count. The platelet count was 230,000 per cubic millimeter. Urinalvsis gave normal 
results. 
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On the first day of treatment, after he had received intravenously 800 cc. of the solution of 
mapharsen (0.096 Gm.), the patient became dizzy and cyanotic and vomited, and a generalized 
convulsive seizure followed. After a few moments he felt well, and therapy was continued that 
day, without untoward manifestations. On the second and third days there were no complaints, 
and the cutaneous lesion began to fade. The temperature rose each day to 100 F. At the end 
of the fourth day of therapy he complained of frontal headache and malaise. During the fifth 
day he complained of such severe venous pain that he received a hypodermic injection of % 
grain (0.011 Gm.) of morphine sulfate. However, he completed the full course of treatments, 
receiving 1,200 mg. of mapharsen, in five daily doses of 240 mg. In the early evening the 
patient vomited and appeared apprehensive. Throughout the sixth day (the first post-therapy 
day) there were marked tremors of the hands and lips and complaints of headache and anxiety. 
Lumbar puncture disclosed an apparently normal spinal fluid pressure, and examination of 
the fluid revealed a 3 plus reaction for globulin, 405 red blood cells per cubic millimeter, 
a negative Wassermann reaction, 103 mg. of sugar per hundred cubic centimeters and a Lange 
curve of 4433332110. Urinalysis gave normal results except for a faint trace of albumin. 
During the night of this day and the seventh day he had five severe convulsive seizures, and 
between the attacks he was restless, irrational and semistuporous. Each convulsion was 
preceded bj' a cry, followed by a tonic and clonic phase, with cyanosis and incontinence. 
Neurologic examination revealed that he was semistuporous and did not respond to verbal 
commands; he reacted to painful stimuli with an unintelligible mutter and drawing away of 
the extremity. There was slight rigidity of the neck. The pupils were equal in size and reacted 
sluggishly to light. The extraocular movements appeared normal. The optic disks were normal. 
The tendon and abdominal reflexes were absent bilaterally. No pathologic reflexes were 
elicited. Urinalysis revealed a trace of albumin. 

The convulsive seizures were controlled by intravenous injection of sodium amytal. A 
hypodermic injection of 1 cc. of a 1 : 1,000 solution of epinephrine hydrochloride was given 
every four hours, and 1 Gm. of sodium thiosulfate was administered intravenously each day. 
A 5 per cent solution of dextrose was given by proctoclysis. 

During the eighth day the patient was awake and was fairly rational and cooperative; no 
convulsive seizures had occurred since the preceding afternoon. Lumbar puncture revealed 
a spinal fluid pressure of 150 mm. of water. On the ninth day the patient was rational and 
able to eat, and on the ne.xt day he was allowed out of bed. Examination of the spinal fluid 
on the tenth day revealed a 1 plus reaction for globulin, 1 cell per cubic millimeter, a negative 
Wassermann reaction and a Lange curve of 1112221000. His further course was uneventful, 
and there have been no psychologic or neurologic manifestations in the ensuing months which 
suggest that permanent damage had occurred in the central nervous system. His physical 
condition has been excellent. 

Administration of mapharsen, either by the routine interval method or in 
massive doses, has resulted in fewer complications than occur with neoarsphenamine 
administered in a similar manner. According to Sobotka and associates,^^ when 
mapharsen is used in the five day treatment the percentage rate of excretion of 
arsenic in the urine and feces is higher than when neoarsphenamine is employed. 
However, in unusual cases in which elimination is deficient, the excretion rate of 
arsenic during massive mapharsen therapy may approximate that found during 
treatment with neoarsphenamine. In the usual case of five day mapharsen therapy 
the arsenic concentration of the blood begins at zero, rises and falls sharply during 
each day of treatment but gradually increases to a maximum concentration of 
1 : 3,000,000 on the afternoon and evening of the fifth day. A concentration 
of 1 : 5,000,000 to 1 : 3,000,000 is maintained during the fourth, the fifth and most • 
of the sixth day.^^ This observation may be of significance in view of the fact 
that in 2 cases in the literature the acute cerebral symptoms began on the seventh 
day (after massive neoarsphenamine and massive mapharsen therapy respectively) 

12. Sobotka, H. ; Mann, W., and Feldbau, E. : Massive Arsenotherapy in Early Syplulis 
by the Intravenous Drip Method, Arch. Dermat. & Syph. 42:270-276 (Aug.) 1940. 

13. Hyman, H. : Massive Arsenotherapy in Early Syphilis by the Continuous Intravenous 
Drip Method, Arch. Dermat. & Syph. 42:253-261 (Aug.) 1940. 

14. (a) Hyman, H. T. ; Chargin, L.; Rice, J., and Leifer, W. : Massive Dose Chemo- 

therapy of Early Syphilis by the Intravenous Drip Method, J. A. M. A. 113:1208-1212 
(Sept. 23) 1939. (b) Chargin, L. : Massive Arsenotherapy in Early Syphilis by the Con- 

tinuous Intravenous Drip Method, Arch. Dermat. & Syph. 42:248-252 (Aug.) 1940. 



BOYD-NIE—ENCEPHALOPA TH V 


875 


and that in our cases the signs of serious involvement of the central nervous 
system appeared in the morning and the evening respectively of the sixth day. 
This suggests the possibility that the acute manifestations in these cases occurred 
shortly after the maximum concentration of arsenic in the blood had been reached. 

The question arises whether the cerebral complications following massive admin- 
istration of mapharsen were identical with those following massive treatment with 
neoarsphenaniine. One gains the impression from various observers that the 
cerebral syndrome following treatment with mapharsen is not as fatal as that 
following treatment with neoarsphenamine. A comparison of the pathologic pic- 
tures in the two conditions establishes their relationship, but the available data 
concerning the cerebral pathologic changes after therapeutic doses of mapharsen 
is too meager to warrant definite conclusions. In a recent review of the literature 
since 1935, Levin and Keddie found only.! fatality from “hemorrhagic encepha- 
litis” due to routine administration of mapharsen. The clinical manifestations in 
this case, as reported by Raj am and Rao,’-” were those of an acute encephalopathy, 
and postmortem examination i-evealed edema of the brain with congestion of the 
surface vessels. However, there was no I'eport of the examination of sections 
of the brain, and it is not known whether lesions were present in the cerebral tissue. 
Elliott and associates described briefly the lesions in 3 cases of acute encepha- 
lopathy following five day treapnent with mapharsen in which the clinical course 
was typical. In the first case there were areas of earp^ focal dem 3 'elination but 
no petechiae or hyaline thrombi ; in the second case only cerebral edema was noted, 
while in the third case the histologic diagnoses were cerelDral congestion and edema, 
with petechial hemorrhages in the nuclei of the twelfth nerves. 

In our cases the clinical features conformed to those usually described for 
arsphenamine encephalopathy except that they were of milder degree and of 
shorter duration and the patients recovered rapidly, without residual manifesta- 
tions. Although the clinical signs were alarming, they disappeared in a few days, 
either through self limitation or in response to therapeutic measures designed to 
reduce intracranial pressure. In view of the brief clinical course in our cases, the 
rapid recovery and the meager available data concerning cerebral pathologic changes 
following five day mapharsen therapy, it is possible that the involvement of the 
central nervous system differed in degree, if not in kind, from that usually observed 
after arsphenamine. The pathologic changes in our cases may have been similar 
to those reported by Elliott and associates and have consisted of intense cerebral 
congestion and edema without widespread hemorrhagic lesions. Such acute cere- 
bral congestion and edema have been described by Milian as “serous apoplexy,” 
by Phelps and Washburn as “delayed vasomotor reactions” and by Cantarow 
and Crawford as “acute cerebro-meningeal congestion and edema.” This type 

15. Levin, E., and Keddie, F. : Toxic Effects Following the Use of Mapharsen, J. A. M, A. 
118:368-370 (Jan. 31) 1942. 

16. Rajam, R. V., and Rao, N. V.: Mapharside in the Treatment of Syphilis, Indian M. 
Gaz. 74:24-27, 1939. 

, P-i Baehr, G. ; Shaffer, L. ; Usher, G., and Lough, S. A.; An Evaluation of 

the Massive Dose Therapy of ^dy Syphilis, J. A. M. A. 117:1160-1166 (Oct. 4) 1941. 

u cerebraux et reaction d’Herxheimer, Bull. Soc. frang. de dermat. et 

23 : 169-173, 1912 ; Apoplexie sereuse arsenicale, Acta dermat.-venereol. 9:149-154, 1928 
Mihan, _G., and Brodier, L. : La syphilis en 1938, Paris med. 1:177-189, 1938. Milian, G • 
cerebraux du novarsenobenzol, Bull, et mem. Soc. med. d. hop. de Paris 55:176- 

lol, 19o9. 

• -t-v?’ ^-j^nd Washburn, W. A.: Toxic Effects of Arsenical Compounds Emploved 

on the United States Navy, Urol. & Cutan. Rev. 34:458-476, 1930. 

- . antarow^ A., and Crawford, B. L. : Fatalities Following the Use of Neoarsphenamine, 

Am. J. Syph., Conor. & Ven. Dis. 17:53-71, 1933. 
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of cerebral pathologic reaction is possibly less severe than widespread hemorrhagic 
involvement and, although fatal in some cases, presumably represents a more 
reversible process. Such an assumption suggests that the patient might be bene- 
fited by therapeutic measures to relieve cerebral congestion and edema, and this 
appeared to be true in our cases. In addition, Leifer and associates main- 
tained that the most effective treatment of this condition consists of repeated 
lumbar taps and intravenous injections of dextrose, sucrose and saline solution. 

COMMENT 

Considerable confusion has existed regarding the cause, nature and relation 
of the various types of cerebral complications following administration of arsphen- 
amines. Many conflicting ideas have been offered, but the most plausible 
hypothesis is that suggested b}'' Globus and Ginsburg, i. e., that all the cerebral 
disturbances are due to a direct effect of arsphenamine, or some of its fractions, 
on the endothelial lining of the capillaries and that vascular injur}”^ is the essential 
factor in the various reactions. The different types of cerebral syndromes repre- 
sent quantitative variations of a basicall}' similar process. Thus, the dilatation 
of capillaries in the nitritoid reaction is but a milder degree of the severe cerebral 
congestion and edema of “serous apoplexy.” Hemorrhagic encephalopathy would 
represent a more drastic form of damage to the vessels. This h)'^pothesis would 
explain the clinical and pathoanatomic variations of encephalopathy due to arsphen- 
amines noted in different cases. Thus, in some cases the pathologic changes would 
be those of congestion, stasis and edema with focal necroses, while in others a 
predominantly hemorrhagic picture, or varying admixtures of the two processes, 
would be present. 

'The concept of Globus and Ginsburg still does not explain why such vascular 
injury occurs in some patients and not in others. This susceptibility of certain 
patients has been variously explained as due to individual idiosyncrasy to the drug, 
sensitization of the capillaries by preceding doses of the medication, lack of epi- 
nephrine due to adrenal insufficiency or a toxic concentration of arsenical products in 
the blood because of deficient elimination of previous doses of the drug. However, 
none of these theories have been substantiated, nor do they supply an adequate 
explanation of all the factors in different cases. Individual susceptibility, which 
may vary at dift'erent times, owing to unknown local cerebral or general metabolic 
conditions, must play a role, as well as factors which enhance a toxic accumulation 
of arsenical products in the blood. In our cases the occurrence of serious cerebral 
manifestations at the end of the period of mapharsen therapy suggests that the 
terminal high concentration of arsenic plays an important role in the appearance 
of the acute syndrome. It is not inconceivable that deficient elimination of arsenic, 
due to individual metabolic idiosyncrasy or to disturbance of renal or intestinal 
function, might cause an abnormally high concentration in the blood in such cases. 
The greater susceptibility of pregnant women to complications after arsphenamine 
therapy and the preceding renal disturbance in our case 3 suggest that some renal 
factor may be the basis of abnormal retention of arsenic. 

SUMMARY 

Four cases of encephalopathy following intravenous administration of arsenical 
preparations are reported. In 2 cases, in both of which the disturbance followed 
the second injection of neoarsphenamine, the syndrome terminated fatally, and 

21. Leifer, W. ; Chargin, L., and Hyman, H. T. : Massive Dose Arsenotherapy of Early 
Syphilis by Intravenous Drip Method, J. A. M. A. 117:1154-1160 (Oct. 4) 1941. 
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pathologic examination revealed vascular congestion and stasis, edema, focal necroses 
and capillary hemorrhages throughout the cerebral white matter, a picture suggest- 
ing that stages or degrees of tissue injury occurred. The lesser degrees -of 
involvement, which include congestion, edema, focal necroses and demyelination, 
may eventuate fatally," but theoretically they represent a .more reversible type of 
reaction. The capillary hemorrhages are the final or most severe type of injury, 
and a favorable outcome is less likely after extensive bleeding has occurred. 
According to this assumption, the clinical syndrome of arsenical encephalopathy 
is a S3nnptomatic expression of a series of cerebral changes, graduated in severity, 
which stem from an initial vascular disturbance. Therefore, capillar}'- hemorrhage, 
instead of representing a pathologic hallmark of the disorder, merely indicates the 
degree and severity of the process. 

In the 2 cases of encephalopathy following massive mapharsen therapy it is 
only possible to surmise the nature of the cerebral pathologic reaction. That the 
process may have been one of capillary stasis and congestion with cerebral edema 
is suggested by its short course and rapid reversal! Such a hypothesis not only 
is in harmony with the observed lower mortality rate of mapharsen encephalopathy 
and the meager pathologic data now available but suggests that the treatment of 
choice is some measure which would reduce cerebral edema. Finally, the chrono- 
logic concurrence of the onset of signs of encephalopathy and the maximum sus- 
tained levels of arsenic in the blood, as shown by estimations in other cases of 
massive arsenical therapy, is probably not fortuitous. The possibility of such a 
relation between the capillary disturbance and high levels of arsenic in the 
blood indicates a need for further information concerning the factors which impede 
the elimination of arsenic and promote its accumulation in the blood. 

Indiana University School of ^ledicine. 

Indianapolis City Hospital. 

22. Cole, H. N. ; DeWolf, H. ; McCuske}^ J. M. ; Miskjian, H. G. ; Williamson, G. S.; 
Rauschkolb, J. R. ; Ruch, R. O., and Clark, T. : -Toxic Effects Following Use of the 
Arsphenamines, J. A. M. A. 97:897-904 (Sept. 26) 1931. Russell.'' Roseman and Aring.'’ 
Cantarow and Crawford.-o 



RETROGRADE DEGENERATION 


EFFECT OF HEHISECTIONS OK THE HOMOLATERAL AXONS 
OF THE SPINAL CORD 

A. M. LASSEK, Ph.D. 

CHARLESTON', S. C. 

Neuron regeneration in all parts of the nervous system lias always been of 
great theoretic and practical interest. Currentl)', the war has acted as a stimulus 
to additional investigative work on this general subject. While functional and 
anatomic regeneration following transection has been reported to occur in the 
spinal cord of the rat,^ it apparently has never been conclusively shown in other 
animals that the part of the axon attached to the cell bod}’^ is structurally maintained 
when the neuron is severed. On the basis of studies made on nerve cells b}”^ Nissl’s 
method of retrograde degeneration, one would expect regeneration of central 
neurons to be impossible, since it is for the most part believed that the central 
neuron is dependent on all of its morphologic parts for its survival. Loss of such a 
small portion as the telodendron of the optic nerve fiber, for example, is supposed 
to cause dissolution of the entire neuron.- In a recent investigation. I was unable 
to find any loss of fibers in the pyramids in the monkey ten months after severing 
the pyramidal fibers at the level of the first cervical segment, although the Betz, 
or giant, cells of the motor cortex did show pronounced changes. •'* Because the 
results of these axonal studies were contrary to the majority of interpretations 
made in studies of retrograde cellular changes, it was decided to investigate the 
subject further by noting the effects produced on the homolateral axis-c^dinders 
after hemisections in various parts of the spinal cord of the cat and the monkey. 

MATERIAL AND METHODS 

Hemisection of the spinal cord was made on the left side in 6 adult cats at the following 
levels: first cervical (3 cats) and second thoracic, fifth thoracic and third lumbar (1 each). 
In 1 monkey a hemisection was performed at the first thoracic level. The cats with lesions 
at the first cervical level w'ere killed one, three and ten months after operation ; all the others, 
including the monkey, w^ere allowed to survive ten months. During the course of the investiga- 
tions, practically all of the standard neurologic stains, including the Marchi method, W'ere 
applied. to various sections above and below the lesions. In the case of the cat wdiich was 
kept ten months after operation, cresyl violet was utilized to stain sections through area 4; 
these sections were taken 500 microns apart.^ 

RESULTS 

All the animals, before they were killed sho\ved characteristic physiologic 
defects. The hemisections appeared to be complete on gross and microscopic 
examination. In most instances the section extended slightly beyond the midregion 

From the Department of Anatomy, Medical College of the State of South Carolina. 

This study w-as aided by a grant from the Committee on Scientific Research of the ■ 
American Medical Association. 

1. Sugar, O., and Gerard, R. W. : Spinal Cord Regeneration in the Rat, J. Neurophysiol. 
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3. Lassek, A. M. : The Pyramidal Tract: A Study of Retrograde Degeneration in the 
Monkey, Arch. Neurol. & Psychiat. 48:561-567 (Oct.) 1942. 
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of the cord, either posteriorly or anteriorly. Histologically, the axons within the 
spinal cord of the cat and monkey seem to be resistant to retrograde breakdown 
and disappearance. If a lesion is made in any of the regions mentioned, the 
motor fibers in the segment above and the sensory fibers in the segment below the 
injury do not undergo disintegration in ten months, nor is gliosis in evidence. 
In these experimental animals, no overt changes in the axons were noted in the 
pyramids. 

Area 4 (motor cortex) was studied in the cat which had survived ten months 
with a hemisection at the first cervical segment. The sections were difficult to 
evaluate because it appeared at first hand that the so-called giant, or Betz, cells 
had disappeared. However, if that were true, it would seem that some of the 
fiber components should be missing in the pyramid below. It may be that these 
cellular elements undergo such mutations that any resemblance to a normal cell is 
lost. They may remain in a state whereby they can maintain the anatomic integrity 
of the axons. 



Untouched photomicrographs of silver-stained sections of the spinal cord of the cat taken 
at the first and ninth thoracic segments ten months after a hemisection at the fifth thoracic 
level. On the left side are sections of the fasciculus gracilis above and below the lesion; on 
the right side, sections of pyramidal tract superior and inferior to the injury. Magnification 
X 720. 

One of the noticeable characteristics of the investigation was the remarkable 
repair which occurred within ten months after damage to the cord. Of the silver 
stains employed, Ranson’s silver-p 3 a'idine method seems to have more predilection 
for staining the glial tissue than does the protargol (strong protein silver) method; 
thus, it is more suitable for the following of older degenerated pathways. 

COMMENT 

Nissl s method of retrograde degeneration has been employed b)^ many investi- 
gators during the past fifty years in studying the origin of fiber systems. Their 
eifoits apparently have been primarily concentrated on changes in the cellular 
elements rather than on the entire neuron. In the central nervous system, one 
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of the consistent changes reported after section of an axon has been partial or 
complete disappearance of the nerve ceils constituting the cells of origin. Holmes 
and May = observed that about one fourth or more of the so-called Betz, or giant, 
cells of the motor cortex in the dog had disappeared twenty-three days after a 
hemisection at the first cervical level ; approximately the same phenomenon occurred 
as early as twenty-eight days in the cat and forty-nine days in the monkey. Levin 
and Bradford ® reported the disappearance of almost all the aflfected Betz cells 
twenty-eight days after a hemisection af the cervical fourth segment in the monkey. 
Polyak^ stated that complete loss of cells seems to he the rule in all cases of injury 
to the neurons within the central nervous s)'^stem, with the one exception of the 
dentate nucleus of the cerebellum. On the basis of these cellular interpretations 
one would have to assume that all ascending and descending fibers would quickly 
be lost after a transection. Nothing but intersegmental axons should remain intact. 

My present results with hemisection of the spinal cord are not in harmony 
with the view that the cells of origin disappear so quickly, or at all, when the 
axons of a tract in the cord are sectioned. Motor axons above a lesion in any 
region of the spinal cord and the sensory'^ axons below the lesion appear to remain 
intact anatomically at least ten months in the cat and monkey. Tower," who was 
not interested primarily in retrograde degeneration, observed fibers in the pyramids 
of the monkey as long as thirty-two months after damage to the pyramidal tract 
in the medulla. I believe it was the consensus about the beginning of the twentieth 
century that breakdown of myelin extended only one or several segments beyond 
the lesion after damage to the human cord.® If the cells of origin of the fibers 
severed by hemisection of the cord dissolve and quickly melt away, I believe the 
neuron theory' would not be applicable to the lower portion of the central nervous 
system. Cells may possibly change to such an extent that evaluation of their 
presence or absence may be difficult. Such questions as the distance of the injury 
from the cell body, the presence of collaterals or the maintenance of function in 
the cut axons have not been considered in this problem. The first two factors may 
be important in the preservation or dissolution of severed axons; so an investi- 
gation has been started in which they can be more easily' controlled than in the 
spinal cord. 

In this problem, the region of the lesion was prepared in such a manner that 
it could not be studied for evidence of nerve regeneration. Since the axons 
appear to retain their integrity, this phenomenon might potentially be possible. 

CONCLUSIONS 

Retrograde degeneration, implying breakdown and disappearance of axons, has 
not been obsen'ed to occur in the long motor or sensory tracts of the spinal cord 
of the cat or monkey within ten months after hemisection. 
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CERVICAL SYRINGOMYELIA AND SYRINGOMYELIA-LIKE 
STATES ASSOCIATED WITH ARNOLD-CHIARI 
DEFORMITY AND PLATYBASIA 


BEN W. LICHTENSTEIN, M.D. 

CHICAGO 

Compression of the neuraxis at or about the level of the foramen magnum 
may result in a variety of histopathologic .states. In many instances the anatomic 
picture resembles that of syringomyelia, and in some cases the clinical picture 
is indistinguishable from that produced by the latter disorder, Platybasia and true 
syringomyelia may be coexistent pathologic states, and the lack of continued 
improvement after decompression of the foramen magnum may be due to the 
primary disease of the spinal cord. From a large source of material, I have 
chosen cases illustrating a number of conditions seen in the cervical portion of the 
spinal cord in association with compression of the neuraxis at the foramen magnum. 

MATERIAL 

The cases in groups 1 and 2 were those of spina bifida complicated by hydro- 
cephalus, and death resulted from sepsis due to pressure necrosis of the tissues 
overlying the bifida defect, complicated by leptomeningitis. In some instances 
various stages of a single process were chosen from different cases in an effort 
to present the complete pathologic picture. 


GROUP 1: SYRINGOMYELIA-LIKE STATES ASSOCIATED WITH THE 

ARNOLD-CHIARI DEFORMITY 

A. "ischemic” liquefaction necrosis 

Historical Notes . — In 1894 Arnold described a curious malformation of the 
hindbrain occurring in a case of spina bifida, and in the following year Chiari " 
more fully described the deformity in a series of 7 cases of spina bifida. Prior 
to this time Chiari,^ in 1891, had noted an isolated instance in which the fourth 
ventricle of the brain extended downward to the fifth cervical vertebral segment. 
In 1907 Schwalbe and Gredig gave a detailed description of this deformity and 
called it the Arnold-Chiari malformation, under which term it has continued 
to be designated in the literature. I recently showed that the Arnold-Chiari 


- Read before the Chicago Neurological Society, Jan. 21, 1943. 

From the Illinois Neuropsychiatric Institute; the Department of Neurology and Neuro- 
logical Surgery, University of Illinois, and the Cook County Hospital. 
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deformit}^ found in association with spina bifida is not a developmental defect but is 
rather the result of the downward migration of the hindbrain due to fixation of 
the spinal cord, its meninges and/or its roots at the site of the bifida defect. 
This downward migration also occurs in instances of platybasia and brevicollis 



Fig. 1.— Photographs of the hindbrain and upper cervical portion of the spinal cord in 
cases of spina bifida. The elongation and narrowing of the pons (B, D and E), the deep 
impression of the basilar arterj^, the localization of the medulla oblongata below’ the con- 
striction ring produced by the atlas, the cyanosis of the leptomeninges (C) and the intra- 
medullarj' cavity (£) are striking gross changes. 

(Klippel-Feil syndrome), in which the decreased size of the posterior fossa 
crowds the hindbrain into the upper cervical portion of the ' spinal canal. 
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Gross Pathologic Observations . — In almost every instance of hydrocephalus 
complicating spina bifida the dural sac was observed to be sharply constricted by 
the arch of the atlas and the rim of the foramen magnum. The site of compression 
could be clearly seen in all cases after cutting through the bony ring and opening 
the dura mater (fig. 1). In some specimens the leptomeninx below the constricting 
bony ring was cyanotic (fig. 1 C). 

Microscopic Observations . — Blocks were cut from various portions of the brain 
and spinal cord and embedded in pyroxylin or paraffin. Sections cut from these 
blocks were prepared according to a variety of staining methods and impregnation 
technics, and frozen sections were stained for fat. 

A low power photomicrograph taken from a section through the hindbrain cut 
in a parasagittal plane (fig. 2) shows the constriction of the pontomedullary 



Fig. 2. — Very low power photomicrograph of a section taken from the brain stem shown 
in figure 1 A, showing the localization of the medulla oblongata below the impression produced 
by the arch of the atlas. Note the venous and capillary stasis and the partial demyelination 
below the constriction. Here, oliv indicates the olivary body; the arrow, the site of the atlas, 
and F, the focus of capillary stasis. Weil stain. 

junction at the site of the foramen magnum, the caudal elongation of the pons Varolii 
and the localization of the medulla oblongata within the spinal canal (the Chiari 
deformit}'-). The choroid plexus of the fourth ventricle and the posterior medullary 
velum are similarly compressed at the craniospinal junction. In a higher power 
photomicrograph taken through the neuraxis just below the constriction and stained 
by Weil's method (fig. 3 A), one sees areas of incomplete demyelination and 
extieme engorgement of the capillaries and venules. A high power photomicrograph 
of a section through the center of the aforementioned affected area stained with 
toluidine blue (fig. 3 B) shows notably increased cellularit}'’, the cells being chiefly 
astrocytes and microglial elements. Occasional red blood cells are seen outside the 
capillaries, and histiocytes filled with granules of blood pigment are everywhere. 
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Fig. 3. — A, high power photomicrograph through area F in figure. 2, showing the capil- 
laries and venules engorged with red blood cells (stained black) and the diffuse demyelination. 
Weil stain. B, high power photomicrograph through the same focus stained by Nissl’s 
method, showing the many blood pigment-filled histiocytes, particularly about the blood vessels. 
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Fig. 4. — A, low power photomicrograph, showing a focus of degeneration in the gray sub- 
stance of the cervical portion of the spinal cord. C is the central canal. B, high power 
photomicrograph of the focus seen in A^ showing the central core of blood pigment-filled 
histiccj’^tes surrounded by rod-shaped microglia cells. Toluidine blue stain. 
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In another series of cases the continuation of the process which leads to cavity 
formation could he followed. In the next stage of the evolution of the lesion 
disappearance of the ectodermal cellular elements, namely, the macroglia and the 














Fig. 5. — A, low power photomicrograph, showing the syrinx (S) bordering directly on the 
neural tissues. CC indicates the central canal. B, high power photomicrograph of syrinx 
(S). Toluidine blue stain. 


ganglion cells, and breaking up of the nerve fibers were noted. At this stage the 
pathologic picture was characterized by a central core of histiocytes filled with 
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grannies of blood pigment and surrounded by a wide zone rich in rod-shaped 
microglia cells (figs. 4 and 6 A). With the complete dissolution of the neurites and 
the neuroglial fibers, the affected area breaks down, resulting in a cavity (fig. 5). 
In many fields foci of histiocytes filled with blood pigment could be seen adherent 
to the wall of this cavity, which was lined by a zone of tissue composed almost 
exclusively of microglial elements. Special impregnations revealed that the lining 
contained neither connective nor glial tissue. In some levels the cavity extended 
into the anterior horns of the spinal cord, and occasionally a field rich in ganglion 
cells bordered on the cavity (fig. 5 B). Here and there, shrunken and deeply 
staining ganglion cells were seen, but in the unaffected areas they were of normal 
size and shape and rich in Nissl substance. The complete absence of satellitosis 
and neuronophagia was striking and characteristic. Occasionally this “syringo- 
myelic” cavity was seen to communicate with a dilated central canal, with the 
resultant formation of a hydrosyringomyelic cavity (fig. 6 B). In such instances 
the hydromyelic portion, characterized by its lining of ependymal cells, contrasted 
with the “syringomyelic” portion, which was devoid of an epithelial lining but was 
surrounded by a zone rich in rod-shaped microglia cells. 

Pathogenesis . — ^The pathologic process already described may be designated as 
liquefaction necrosis. This may result from a variet}^ of states which affect the 
nutrition of the tissues of the central nervous system. Foremost among these 
pathologic states are vascular disturbances, and such, I believe, was the exciting 
cause here. The caudal migration of the hindbrain produced its impaction in the 
foramen magnum. The spinal arteries supplying the cervical portion of the spinal 
cord arise intracranially from the vertebral vessels. In their passage from the 
posterior cranial fossa into the spinal canal, they were compressed by the impaction 
of the hindbrain. The vertebral system of veins was similarly compressed, and 
this was evident in the cyanosis of the leptomeninges (fig. 1 C) and the extreme 
stasis of the blood in the capillaries and the venules of the cervical portion of the 
spinal cord (fig. 3 A). It is well known that sudden occlusion of a spinal artery 
may lead to malacia, as in the syndrome of the occlusion of the anterior spinal 
artery which I reported. Chronic ischemia, on the other hand, combined with 
venous stasis gives rise to a variety of pathologic states which may culminate in 
liquefaction necrosis. When the process undergoes a slow evolution many of the 
stages can be isolated and analyzed. 

The cardinal features of this process are the progressive degeneration of the 
ganglion cells without satellitosis or neuronophagia, the disintegration of the 
macroglia cells and the nerve fibers with little gliosis, the early development of 
large numbers of microglia cells, which persist after all ectodermal tissues have 
disintegrated, and the final degeneration of the microglia cells themselves. The 
resultant cavity is lined neither with connective nor with glial tissue, and the 
surrounding tissues show no inflammatory reaction. 

The pathologic changes are quite similar to those seen in some instances of 
chronic adhesive spinal arachnoiditis, as described so excellently by Schwarz,® 
and more recently by Mackay.'^ In this disorder the spinal arteries and the veins 
are enveloped by the fibroplastic thickening of the leptomeninx. Depending on the 

6. Schwarz, E. : ^ Syphilitische Myelomeningitis mit Holenbildung im Riickenmarke und 
besonderen degenerativen Veranderungen der Neuroglia, Wien. klin. Wchnschr. 10:177, 1897. 

7. Mackay, R. P. : Chronic Adhesive Spinal Arachnoiditis, J. A. AI. A. 112:802 (March 4) 
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degree and rapidity of the process, a variety of pathologic states result, foremost 
among which is what Mackay termed anemic necrosis. As in the changes in the 
spinal cord associated with the Arnold-Chiari deformity, the absence of an inflam- 
■ matory reaction, satellitosis, neuronophagia and the final cavity formation are 
characteristic of this process. I have termed the process “liquefaction necrosis. “ 
and as exciting causes I have emphasized the ischemia and the venous stasis. 



Fig. 6— A, high power photomicrograph of the focus of degeneration, showing it to be 
composed of large numbers of microglia cells. Penfield’s modification of Hortega’s method. 
B, low power photomicrograph, showing the point where the pseudosyringomyelic cavity broke 
into the central canal. C indicates the central canal, and S, the syrinx. Toluidine blue stain. 

Connectit’e tissue was strikingly absent from the cavities; moreover, secondary 
gliosis occurs only in cases in which foci of incomplete degeneration develop and 
the astrocytes are proficient. This did not occur in my cases, in which the speci- 
mens were all from children who died under 1 year of age. 
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B. HYDROMYELIA AND PRESSURE EXPANSION 

The cervical portion of the spinal cord in instances of Arnold-Chiari deformity 
may have cavities of an origin different from that described in the preceding 
condition. One is the hydromyelic cavity, which is easily recognized by virtue of its 
ependvmal lining, and the other is a syringomyelic-like cavity. In maity instances 
of the Arnold-Chiari deformity the choroid jilexus is packed into the fourth ventricle 



Fig. 7. A, photomicrograph of a section through the neuraxis within the cervical portion 
of the canal (Arnold-Chiari deformity). B, photomicrograph of a section of the cervical portion 
of the spinal cord just below the Arnold-Chiari deformity, showing a large syrinx (S). Weil 
stain. 


below the level of the foramen magnum (fig. 7 A). The constriction of the 
neuraxis by the bony ring prevents adequate communication between the caudal 
diverticulum of the fourth ventricle and the posterior cistern. The accumulating 
cerebrospinal fluid dilates the central canal and, in some instances, is associated with 


890 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


perforation of the ependymal lining and the spread of the fluid into the posterior 
columns. The changes in such a case are schematically represented in figure 8, 
in which S indicates the syrinx. A transverse section through the cervical jiortion 
of the spinal cord at E is seen in figure 7 in Avhich the syrinx lying posterior to 
the central canal resembles a syringomyelic cavity. This cavity bordered directly 
on substance of the spinal cord. The tissue lining the cavity contained no inflam- 
matory elements, and the subjacent ganglion cells showed no evidences of satellitosis 
or neuronophagia. In contrast to the lining of the cavities in group A, microglia 
cells Avere absent. As in group A, the ischemia of the medullary substance may 



Fig. 8.— Schematic drawing of a midsagittal section through the hindbrain and upper cervical 
portion of the spinal cord from the case illustrated in figure 7. F.M. indicates the foramen 
magnum; IV, the fourth ventricle, and S, the syrinx. Level A corresponds to that in figure 7 A ; 
level E, to that in figure 7 B. The brain was severed at C. 

have played a role in the breaking doAvn of the tissues and in the growth of the 
cavity, as Avell as in the increasing pressure AAdthin the central canal resulting from 
accumulating cerebrospinal fluid. 

GROUP 2: MYELODYSPLASIC .CAVITIES IN THE CERVICAL REGION 

The state of spina bifida may invoh'^e the spinal cord, as Avell as the overlying 
meninges and the spinal colum. The changes that may occur in the spinal cord 
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liavc been recently reviewed and described by me® and are classified under the 
designation of myelodysplasia. Myclodysplasic changes usually occur underneath 
a bony defect, but in some instances extreme degrees of malformation have been 
unassociated with any evidence of spina bifida cither overt or occult. In 1 instance 
of lumbosacral .'^pina bifida the cervical portion of the spinal cord showed extreme 
degrees of myclodysidasia (fig. 9 A, B and C). At one level incomplete pseudo- 
duplication was observed, with multiple enlarged and irregular canals lined by 
ependyma (fig. 9 A). As is usually the case, these canals were surrounded by 
large amounts of glial tissue. xAt an adjacent level the pseudoduplication was 
complete (fig. 9 C). At another level the central canal extended posteriorly, and its 
subependymal glia fused with the pia mater (fig. 9 B). In another case (fig. 9 D) 



9. — Photomicrographs illustrating niyelodysplasic cavities. A, B and C are from the 
same case. In A and C varieties of pseudoduplication of the spinal cord are seen, and in B 
t e central canal is enlarged and extends to the pia mater posteriorly. D illustrates myelo- 
fysplasia in the cervical portion of the spinal cord in another case. Weil stain. 

the lower cervical portion of the spinal cord had an enlarged central canal, which 
3s in the previous case, extended to the pia mater, and this canal was surrounded 
b}' an increased amount of glia tissue. 

Coiiiineut . — Although the myclodysplasic tissues were otherwise unchanged in 
die 2 cases just cited, it is well known that such ependymal glia may undergo 
bypeiplasia, break down, become invaded by connective tissue, be the seat of hemor- 
diages and, by the involvement of adjacent groups of ganglion cells and nerve fiber 
tracts, present the clinical picture of a progressive disorder. Since the central 

8. Lichtenstein, B. W. : “Spinal Dysraphism” : Spina Bifida and Myelodysplasia, Arch, 
enrol. & Psychiat. 44:792 (Oct.) 1940. 
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portion of the spinal cord is involved, the clinical picture may be indistinguishable 
from that produced by true syringomyelia. The Klippel-Feil syndrome (brevi- 
collis), which anatomically is a variety of spina bifida characterized by fusion of the 
bodies of the cervical vertebrae, may be associated with the Arnold-Chiari defor- 
mity, myelodysplasia of the cervical portion of the spinal cord or even true syringo- 
myelia, and as a result the differential diagnosis by means of clinical examination, 
even combined with operative inspection, may be difficult. 

GROUP 3: PLATYBASIA AND “SYRINGOMYELIA” 

Platybasia is essentially a deformity of the posterior portion of the base of the 
skull. Although there is no universal agreement as to its origin, there is evidence 
that it is analogous to spina bifida, which is the anatomic expression of delayed 
or defective development of the hony structures about the spinal cord. The ana- 
tomic link between classic spina bifida and plat3djasia is, I believe, found in the 
Klippel-Feil complex, in which, as in platybasia, deformities and anomalies occur 
in the atlas and the axis. 

The deformity of the base of the skull which characterizes platybasia is a flat- 
tening of the inclined plane formed by the cli\'us. .As a result, the foramen magnum 
is often described as being pushed up into the inferior cranial fossa, and it is also 
usually small, misshapen or eccentricalh' placed. This may be associated with 
occipitalization of the atlas. The ascent of the foramen magnum may result in the 
localization of the structures of the hindbrain in the foramen magnum or in the 
upper cervical portion of the spinal canal rather than in their normal location — 
the posterior cranial fossa. The appearance of the tonsils of the cerebellum in the 
upper cervical portion of the spinal canal is, many times, not unlike that of the 
Arnold nialfonnation (of the Arnold-Chiari comple.x), resulting from fixation of 
the spinal cord in spina bifida. 

Platybasia was described in detail by Virchow ® in 1876 and by Grawitz in 
1880. The neurologic significance of platybasia has become increasingly prominent 
of late, and Gustafson and Oldberg have recently reviewed the subject and 
described 5 additional cases. 

In such cases signs of syringomyelia may develop from tlie following factors: 

( 1 ) pressure of the deformed bony ring or of the dens epistrophei on the neuraxis ; 

(2) vascular changes (stasis; ischemia) resulting from compression of the spinal 
arteries and the vertebral system of veins; (3) pressure of the Arnold-Chiari 
deformity; (4) proliferations or degenerations of subependymal glial tissue in a 
coexistent myelodysplasic spinal cord; (5) true syringomyelia coexisting with 
platybasia and the Arnold-Chiari deformity, and (6) direct pressure of the bony 
structures or vascular insufficiency, accentuating the symptoms produced by a 
preexisting lesion of the spinal cord, such as syringomyelia or myelodysplasia. 

The lack of continued improvement after decompression of the foramen mag- 
num for relief of platybasia or the progressive development of the syringomyelic 
state after such an operation may be the result of coexisting syringomyelia, as in 
case 3 reported by Gustafson and Oldberg. With their permission, I review that 
case here. 

9. Virchow, R. : Beitrage zur physischen Antropologie der Deutschen mit besonderer 
Berticksichtigung der Friessen, Berlin, G. Vogt, 1876; cited by Gustafson and Oldberg.^^ 

10. Grawitz, P. : Beitrag zur Lehre von der basilaren Impression des Schiidels, Virchows 
Arch. f. path. Anat. 80:449, 1880. 

11. Gustafson, W. A., and Oldberg, E. : Neurologic Significance of Platybasia, Arch. Neurol. 
& Psychiat. 44:1184 (Dec.) 1940. 
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A Negress aged 46 complained of weakness of both hands and forearms of two years’ 
duration. Shortly after the onset the weakness spread into the left lower extremity. One 
year later numbness of the hands developed. The essential neurologic changes were : pro- 
nounced atrophy of the thenar and hypothenar eminences bilaterally and anesthesia, analgesia 
and thermanesthesia from the third cervical segment to the sixth thoracic segment on the 
right side. 



Fig. 10. ^Photornicrographs through various levels of the spinal dord in the case of platybasia 
complicated by syringornyelia which is described in the text. In A and B ni 3 "elodysptasic 
cianges are seen, while in C and D the characteristic features of true svringomvelia are evi- 
dent. Weil stain, counterstained by van Gieson's rnethod. 

Roentgen examination revealed occipitalization of the first cervical vertebra, with notable 
decrease in the anteroposterior diameter of the foramen magnum. 
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At operation the arch of the atlas was observed to be fused to tlie occipital bone and, on 
exposure of the dura mater, a definite constriction ring was seen at the level of the foramen 
magnum. When the dura mater was opened, the upper cervical portion of the spinal cord 
was observed to be smaller than normal. 

At the time of discharge, on the twentieth postoperative day, subjective improvement was 
noted, but it was difficult to evaluate the change objectively. Later cystitis and pyelitis devel- 
oped, and the patient died, three months after the operation. 

At autopsy a sharp constriction ring was seen on the ncuraxis corresponding to the site 
of the foramen magnum. Thorough microscopic examination of the spinal cord and the brain 
stem was made. A section taken from the site of the constriction showed myelodysplasic 
changes in the nature of proliferation of the central ependymal cells (fig. 10 A). At a level 
just rostral to the constriction (fig. 10 5) the hind end of the fourth ventricle was seen to be 
elongated and slitlike. Sections through the middle cervical region of the spinal cord 
(fig. 10 C and D) showed the classic changes of true syringomyelia. 

In this case the clinical symptoms were indicative of an intramedullary lesion 
of the cervical portion of the spinal cord — syringomyelia. The roentgenographic 
evidence of platyhasia and the operative evidence of constriction of the neuraxis at 
the foramen magnum, however, were sufificient to make one think that the intra- 
medullar}- disorder resulted from pressure, ischemia and venous stasis (group 1). 
The reason for the lack of continued improvement after decompression, however, 
became apparent in the discovery of a complicating pathologic process — syringo- 
myelia. I believe that the compression at the foramen magnum, together with its 
associated vascular disturbance, did play a role in accentuating the syringom)'elic 
syndrome, but since this contribution pertains to the changes in the neuraxis re.sult- 
ing from or complicating constriction at the foramen magnum, I do not wish here 
to discuss that controversial subject — the pathogenesis and patholog)'’ of true 
syringomyelia. 

SUMMARY AND CONCLUSIONS 

Compression of the neuraxis at or about the region of the foramen magnum may 
result in the degeneration of the central portion of the cervical portion of the spinal 
cord, with the production of a syringomyelia-like state. 

Impaction of the Arnold-Chiari deformity in the foramen magnum may result in 
circulatory disturljance and subsequent degeneration of the neural tissues by pres- 
sure on the spinal arteries and veins at the level of the foramen magnum. 

Deformities of the base of the skull, the foramen magnum, the, atlas and the 
axis (platyhasia) may result in constriction of the neuraxis, and degenerative 
changes in the adjacent spinal cord may result directly from pressure of the bones 
on the neural tissues or indirectly from ischemia due to interference with the 
circulation in the spinal arteries and v'-eins. 

Platyhasia, the Klippel-Feil deformity and spina bifida may be associated with 
myelodysplasic changes in the spinal cord, and in cases of such a deformity involve- 
ment of the ganglionic cell groups and nerve fibers, by reactions (such as degenera- 
tion and proliferation) in the myelodysplasic tissue, may result in the clinical picture 
of syringomyelia. 

True syringomyelia may be coexistent with platyhasia and spina bifida, and the 
clinical picture may be due to the primary disorder in the spinal cord rather than 
to the roentgenographically visible changes in the bone. 

Platyhasia and the Arnold-Chiari deformity, by pressure on the spinal cord 
and on the spinal arteries and veins, may accentuate the syringomyelic syndrome 
resulting from myelodysplasic changes in the cord or true syringomyelia and the 
lack of continued improvement after decompression of the neuraxis may be due to 
the associated disorders of the spinal cord. 


912 South Wood Street. 
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PERMANENT DAMAGE TO THE NERVOUS SYSTEM FOLLOWING 
AN ATTACK OF' POLYRADICULONEURITIS 
(GUILLAIN-BARRE SYNDROME) 

Report of a Case, with Necropsy 

William O. Russell, M.D., and Walter L. Moore, M.D., St. Louis 

Polyradiculoneuritis is a well recognized neurologic syndrome characterized 
by widespread motor and sensor}^ signs pointing to involvement of the spinal and 
cranial nerves (most commonly the seventh cranial nerve). The definitely 
increased protein content of the cerebrospinal fluid without any change in the 
number of cells (albuminocytologic dissociation) is regarded as characteristic of 
the disorder and an important diagnostic feature. On the basis of the clinical 
symptoms the disease appears to be a distinct entity, but no etiologic agent has 
oeen established. That a virus is the causative agent has been repeatedly suspected, 
and an early report ^ described transmission of the disease to nionke3^s. All subse- 
quent work, however, has failed to substantiate this earlier claim, although the 
idea that the syndrome is an acute infectious disease generally prevails.’ 

Clinically, polyradiculoneuritis is characterized by the onset of progressively 
severe neurologic signs and symptoms, which may continue to a fatal termination, 
usually within two weeks. Gradual improvement is seen in the majority of cases, 
however, with the patient showing complete, or nearly complete, recovery of all 
the lost neurologic functions in from six months to a year. The mortality rate is 
high, varying in different series from 14 to 42 per cent.^ The pathologic changes 
in the nervous system in patients who died during the acute phase of the disease 
have been well studied.^ Degeneration affecting the myelin sheaths and axis- 
cylinders. occasionally with a slight inflammatory reaction, is consistently observed 
in the peripheral nerves. Questionable pathologic changes in the ganglion cells 
without inflammatory reaction have been reported. Visceral lesions resembling 
those seen in such diseases as diphtheria and typhoid fever have been recently 
described “ in patients who died during an acute attack. 

Knowledge of pathologic changes in the nervous system in persons who have 
recovered from an attack of polyradiculoneuritis is lacking, since only a small 
number of such patients show clinical evidence of permanent damage to the nervous 
system. The following communication is a clinical and pathologic report of a case 

From the Department of Pathology, Washington University School of Medicine, and the 
St. Louis County Hospital. 

1. Bradford, J. R. ; Bashford, E. F., and Wilson, J. A.: Acute Infective Polyneuritis, 
Quart. J. Med. 12:88-126, 1919. 

2. Cobb, S., and Coggeshall, H. C.: Neuritis, J. A. M. A. 103:1608-1617 (Nov. 24) 
1934. Sabin, A. B., and Aring, C. D. : Visceral Lesions in Infectious Pohmeuritis (Infec- 
tious Neuronitis, Acute Polyneuritis with Facial Diplegia, Guillain-Barre Syndrome, Landry’s 
Paralysis), Am. J. Path. 17:469-482, 1941. 

3. Roseman, E., and Aring, C. D.: Infectious Polyneuritis; Infectious Neuronitis, Acute 
Polyneuritis with Facial Diplegia, Guillain-Barre Syndrome, Landry’s Parah’^sis, etc., Medi- 
cine 20:463-494, 1941. 

4. (a) Casamajor, L. : Acute Ascending Paralysis Among Troops; Pathologic Findings 

Arch. Neurol. & Psychiat. 2:605-620 (Dec.) 1919. (b) Viets, H. R.: Acute Polyneuritis 
with Facial Diplegia, ibid. 17:794-803 (June) 1927. (c) Gilpin, S. F.; Moersch, F. P., and 
Kernohan, J. W, : Polyneuritis: A Clinical and Pathologic Study of a Special Group of 
Cases Frequently Referred to as Instances of Neuronitis, ibid. 35:937-963 (May) 1936. 
(d) Honeyman, W. M. : Pathological Study of a Group of Cases Sometimes Referred to 
as Polyneuritis, Bull. Neurol. Inst. New York 6:519-528, 1937. (e) Bradford Bashford 
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of polyradiculoneuritis in which recovery from the acute phase of the disease was 
followed by neurologic signs indicating permanent and significant damage to the 
nervous system. The patient died nineteen months after the initial attack of 
intussusception of the small intestine, so that we were offered the singular oppor- 
tunity of studying the pathologic changes in the nervous system caused Iw this 
obscure neurologic disease. We have been unable to find a report of so clearly 
established a case of polyradiculoneuritis with permanent damage to the nervous 
system in which pathologic studies were made. 

REPORT OF CASE 

History. — A single white man aged 32, American, a gardener, entered the St. Louis County 
Hospital on Sept. 15, 1941. He had been well and active until Alay 1940, when he first 
noticed numbness of his lower extremities. For an indefinitely known period before the 
onset of the numbness he had experienced some tingling sensation in both feet. Two weeks 
after the onset of the numbness in his legs he noted difficulty in walking, which was accom- 
panied by considerable weakness of his legs. Simultaneously with the onset of weakness in 
the legs he noted progressive loss of motor power in the upper e.xtremities, which was also 
accompanied by a tingling sensation and numbness. The symptoms in the upper extremities, 
however, were always less severe than those in the legs. Because these symptoms had 
become progressively worse, until he could walk only with assistance from another person, 
he was admitted to the St. Louis County Hospital on May 14, 1940, just six weeks after the 
onset of the numbness in his legs. At that time he stated tliat he had lost an indefinitely 
known amount of weight since the onset of his illness. He denied having had an infection 
of the respiratory tract or other infectious disease coincident with or preceding the onset of 
his neurologic symptoms. 

He was pointedly questioned concerning a history’ of venereal infection. This he denied 
by name and symptoms, and there was no history of antisyphilitic treatment. The patient 
stated, and the assertion was confirmed by’ his family, that prior to his present illness he 
had always had good health and had never used alcohol in any form. His diet had been 
adequate, a fact also confirmed by his family. 

Physical Examination on First Admission. — The patient was well developed but poorly 
nourished and unable to stand alone. The pupils were equal and regular, and both reacted 
normally to light and in accommodation. There was pronounced incoordination of voluntary 
movements, with manifest loss of motor power and hypotonia of the muscles of all the 
extremities. Examination of the cranial motor nerves revealed a normal status. The deep 
tendon reflexes were absent in the lower extremities but were present in the upper extremi- 
ties, although definitely’ diminished. Pain, temperature, light touch and vibration sensibilities 
were absent in the lower extremities. Delayed hy'peresthcsia was noted on stroking the 
soles of the feet, and delay’ed my’algia was present in the calf muscles of both legs. Exten- 
sion of the leg on the flexed thigh produced severe pain. Sensory examination of the upper 
extremities gave essentially normal results except for my'algia and tenderness over the large 
nerve ti'unks. A pathologic toe sign and clonus were not elicited, and all the superficial 
reflexes were present. 

Course in Hospital and Treatment. — Lumbar puncture performed on the day’ of entry 
disclosed a clear spinal fluid, which did not appear to be under increased pressure. There 
were only 4 cells per cubic millimeter of fluid; the Pandy reaction for globulin was negative, 
and the total protein was 117 mg. per hundred cubic centimeters. The Wassermann reaction 
of the spinal fluid was negative, and the colloidal gold curve was 0022210000. Other labora- 
tory data were as follows: The urine was normal except for a trace of albumin; the 
erythrocyte count was 3,850,000, with 11.5 Gm. of hemoglobin per hundred cubic centimeters 
(67 per cent) ; the white blood cell count was 6,800, and the differential cell count was 
normal. The Hinton and Kline -reactions of the blood were negative. Gastric analysis 
showed 40 per cent total acidity and no free hydrochloric acid in the fasting specimen. Free 
hy’drochloric acid was present in the second specimen but not in the third. The total acidity’ 
of the third specimen was 20 per cent. _ 

With the history of an acute onset of motor weakness and sensory’ disturbances, indi- 
cating severe involvement of the peripheral nerves, and the finding in the spinal fluid of a 
significantly increased total protein content with a normal cell count (albuminocytologic 
dissociation), the diagnosis of polyradiculoneuritis (Guillain-Barre syndrome) was made. 

During the first five days of hospitalization the neurologic signs observed on entry became 
progressively worse, and slurred speech and mental apathy developed. On May. 19, just five 
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days after entry to the hospital, the patient suddenly lost his vision; this was followed five 
lio'urs later by a generalized convulsion. Although ophthalmoscopic examination the follow- 
ing day showed normal fundi and the pupillary reactions were normal, he still could not see. 
Neurologic examination at that time disclosed complete quadriplegia, with paralysis of the 
left facial nerve of peripheral type. 

Two days later, on May 21, although the patient’s vision had returned, there was no 
manifest improvement of his general condition. Further improvement was not observed until 
June 1. At this time a slight return of motor power in both upper and lower extremities 
was noticed. 

Examination of the spinal fluid, removed by lumbar puncture on June 4, disclosed a total 
protein content of 142 mg. per hundred cubic centimeters of fluid and only 3 cells per cubic 
millimeter. On June 10 the paralysis of the left side of the face was less apparent, and the 
slurred speech had disappeared. Improvement continued during the next ten days, so that 
on June 20 he was able to sit up in a chair. Examination of the spinal fluid on June 19 
showed only 100 mg. of protein per hundred cubic centimeters and a total cell count of 
5 per cubic millimeter. At this time he had no paresthesias, and there was a fair return of the 
motor strength in his extremities. Examination of the cranial motor nerves revealed only 
slight impairment of the seventh nerve, as manifested by a slight droop of the left side of 
the mouth. The pupils were equal, regular and circular in outline, and both reacted nor- 
mally to light and in accommodation. The deep tendon reflexes were absent in the lower 
extremities, but were present in the upper extremities, although greatly diminished. All 
forms of sensation had returned except vibratory sensibility, which was still absent in the 
lower extremities. The Romberg sign was positive. 

The patient was discharged from the hospital on July 25. For over a month before 
discharge he had sat up daily for long periods and had walked with assistance from a 
hospital attendant. Neurologic examination at the time of discharge disclosed the same signs 
as those observed on June 20. 

Except on the first two days of his hospitalization, he had received a high vitamin and 
high caloric diet. After the onset of quadriplegia this was supplemented by the oral and 
parenteral administration of preparations of the vitamin B complex, with the addition of 
alpha tocopherol after May 25. His entire course in the hospital was afebrile. The pulse 
rate was elevated, varying from 74 to 120 beats per minute and averaging about 100 beats. 
His respirations, however, were always normal, and at no time during his stay in the hospital 
was there retention or incontinence of urine or feces. 

The final clinical diagnosis was polyradiculoneuritis (Guillain-Barre syndrome), with 
degeneration of the posterior column of the spinal cord. 

Interval History. — From August 1940 until August 1941 the patient was followed in the 
outpatient neurologic clinic; during this time slight improvement was noted in his neurologic 
condition. On his last visit to the clinic, on August 21, neurologic examination showed loss 
of all the deep tendon reflexes, with loss of vibration and position sensibility in both upper 
and lower extremities. There was severe ataxia of the upper and lower extremities, and 
the Romberg sign was positive. 

Second Admission. — The second, and final, admission to the hospital was on Sept. 15, 
1941. For two days prior to entry he had complained of abdominal pain and had vomited 
several times when he attempted to eat. During this period he was unable to retain any- 
thing taken by mouth and complained of obstipation. Because he had become so weak from 
not being able to eat and his abdominal pain continued unabated, he was brought into the 
hospital. 

Physical Examination. — The patient was well developed but poorly nourished and dehydrated. 
The abdomen was moderately distended, and the percussion note was tympanitic, except in 
the right lower quadrant. No masses were palpated. The neurologic signs were similar 
to those noted on the last visit to the outpatient clinic, on August 21. 

Laboratory E.vamination. — A leukocyte and a differential blood count, done on September 
16, were normal. The erythrocjffe count at that time was 2,750,000, and the hemoglobin 
content was 58 per cent, with a color index of 1. The reactions to the Kahn and Hinton 
tests were negative. Urinalyses, done on September 16 and September 18, revealed only a 
4 plus reaction for sugar on the latter date, after the intravenous administration of a large 
amount of dextrose. The nonprotein nitrogen content of the blood on September 16 was 
63 mg. per hundred cubic centimeters. 

Course in Hospital and Treatment. — ^With the history of vomiting, obstipation and abdom- 
inal pain, the diagnosis of carcinoma of the gastrointestinal tract with obstruction was con- 
sidered, and fluids were given intravenously for the patient’s dehydration. The abdominal 
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pain continued during the next two days, and he vomited frequently. On September 16 a 
soft mass that was not sharply outlined was palpated on rectal examination above the pros- 
tate. The same day his condition became more acute and was marked by increasingly severe 
cramping abdominal pain and the vomiting of large amounts of greenish liquid material. 
At this time he became stuporous. A surgical consultant suggested a diagnosis of cancer 
of the gastrointestinal tract with partial obstruction but advised against operation at that time 
because of the patient’s poor condition. The patient died the following day, September 18, 
after a period of profound restlessness, irrational talking and, finally, coma. 

The clinical diagnoses were carcinoma of the gastrointestinal tract, with obstruction and 
low grade peritonitis, and degeneration of the posterior column of the spinal cord following 
polyradiculoneuritis. 

Necropsy. — Examination was performed nine hours after death. The lungs, pancreas, 
kidneys, adrenals, bladder, aorta and bone marrow were grossly not remarkable. The sig- 
nificant observations were as follows : 

The abdomen was moderately distended, and there was a sliglit pitting edema of the lower 
extremities. The peritoneal cavity contained 1.500 cc. of serosanguineous fluid. There was 
an intussusception involving approximately 40 cm. of the small intestine 180 cm. above the 
ileocecal valve. The stomach and the small intestine above the intussusception were greatly 
dilated and filled with greenish brown liquid feces. The serosal surface of the dilated intestine 
showed small petechiae and was covered with fine shreds of fibrin. The invaginated segment of 
intestine was gangrenous, deep black-red and covered with fine shreds of fibrin. Careful exami- 
nation of the invaginated portion and the adjoining segments of intestine disclosed no adhesions, 
tumor or diverticulum that in any way could have been a factor in causing the intussuscep- 
tion. The gastrointestinal tract below the intussusception was normal and contained only 
a small amount of formed brown feces. A small amount of the greenish brown liquid fecal 
material observed in tiie stomach was noted also in tlie trachea and bronchi. Scattered 
petechiae were seen on all the serous surfaces and beneath the endocardium of the left ven- 
tricle. Histologic examination of the abdominal and thoracic organs confirmed the gross 
pathologic observations. 

Examimtion of the N'crvoiis System. — The weight of the brain was normal, being 1,250 
Gm. The external configurations, leptomeninges, basilar arteries and successive sections 
thrpugh the brain showed no gross pathologic change. The entire spinal cord, removed 
with the dura mater and spinal ganglia attached, was grossly not remarkable. 

Sections were taken for microscopic study from tbe cortex of tbc frontal, parietal and 
occipital lobes ; the cornu ammonis ; the caudate and Icntiform nuclei ; the mesencephalon ; 
the medulla oblongata ; the lumbar, thoracic and cervical levels of the spinal cord ; the spinal 
ganglia; the cauda equina, and the sciatic nerve. All the sections from the brain were 

stained with hematoxylin and eosin, Kultschitzky’s stain for myelin sheaths and phospho- 

tungstic acid hematoxylin. No pathologic changes were seen in any of the sections of the 

brain. A section stained with cresyl violet taken through the nucleus of the seventh cranial 

nerve, in the medulla oblongata, disclosed no pathologic changes in the ganglion cells. The 
ganglion cells contained a moderate amount of lipochrome pigment, which was not regarded 
as pathologic. No pathologic change was observed in the ganglion cells or the glia cells 
of the nucleus gracilis or nucleus cuneatus in sections taken from the caudal part of the 
medulla oblongata. Pathologic changes were observed in sections from the spinal cord, spinal 
ganglia, peripheral nerve and cauda equina. 

Spinal Cord : Sections taken from the cervical, thoracic and lumbar levels of the cord 
and stained by the Kultschitzky method for myelin all showed nearly complete loss of mye- 
linated nerve fibers -in the posterior column. In the section taken from a lumbar segment 
the loss of myelinated fibers in the peripheral part of the posterior column and a narrow 
zone adjacent to the posterior gray commissure was less severe than in other areas of the 
posterior column (fig. lA). Small parts of the posterior roots included in the sections like- 
wise showed an extensive loss of mj^elinated nerve' fibers, with only a few fibers remaining. 
There was no manifest loss of the myelinated fibers in the anterior and lateral columns and 
in the anterior roots. 

In frozen sections stained by the Sudan III method for fat, numerous large macrophages 
containing fat were noted in the posterior column (fig. IP). Sections of the spinal cord 
stained with cresyl violet disclosed the usual number of ganglion cells, without pathologic 
change in the anterior or posterior roots or in Clarke’s column. A slight increase in the 
number of glial nuclei was seen in the posterior column. In none of the sections of the 
spinal cord was there evidence of acute or chronic inflammation, either in the leptomeninges 
or in the nerve tissue. 
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Spinal Ganglia ; There was a moderate decrease in the number of ganglion cells seen 
in sections taken from three dorsal root ganglia. Maity of the cells were atrophic and were 
surrounded by an increased number of large perigangiionic cells. Large groups of the peri- 
ganglionic cells were arranged in concentric form. In certain instances they enclosed a 
small, homogeneov\sly basophilic- staining material, presumably a part of a degenerated gan- 
glion cell. There was no evidence of acute or chronic inflammation. 

Peripheral Nerve : A few scattered macrophages filled with fat were observed in a frozen 
section of the sciatic nerve stained with sudan III. In sections stained with hematoxylin 



Lig- L — A, section of the spinal cord from a lumbar segment. Note the extensive loss 
of myelinated nerve fibers in the posterior column. Kultschitzky's stain for myelin sheaths ; X 12. 
B, section from the thoracic level of the cord. The fine black dots seen in the posterior 
column are macrophages filled with fat. Sudan III stain for fat; X 14. 

and eosin there was a moderate increase in the number of fibroblastic nuclei, and in sections 
prepared with the Bodian silver method for nerve fibrils there was readib'’ apparent reduc- 
tion in the number of axis-cylinders. 

Cauda Equina ; Sections stained for myelin showed an extensive reduction in the number 
of myelinated fibers in the sensorj'^ roots (fig. 2 A). The motor roots, however, appeared 
normal (fig. 2B). Sections stained witli phosphotungstic acid hematoxidin revealed a large 




900 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


amount of brownish red-staining collagen in the sensory roots and an unusually large number 
of fibroblastic nuclei. The motor roots contained only a slight amount of brown-red collagen 
and the usual number of blue-staining myelinated nerve fibers. 

Anatomic Diagnosis . — The anatomic diagnosis was intussusception of the small intestine, 
with complete obstruction and gangrene of the intussuscepted segment; generalized serosan- 
guineous peritonitis, and degeneration of the ganglion cells in the posterior root ganglia, 
with degeneration of the posterior column of the spinal cord, the posterior roots and the 
peripheral nerves. 



Fig. 2. — A, section of a posterior root from the cauda equina. The scattered black dots 
are the few remaining myelinated nerve fibers. Compare with B. B, section of an anterior 
root from the cauda equina, showing normal-appearing myelinated nerve fibers. Kultschit- 
zky’s stain for myelin sheaths; X 135. 

It is well to review the case reported here with regard to the establishment 
of the diagnosis of polyradiculoneuritis. While the criticism is not infrequently 
made that the diagnosis of polyradiculoneuritis is reached only, after other diseases 
have been ruled out, there are certain constantly observed neurologic signs and 
symptoms which occur together frequently enough to justify the clinical concept 
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of a disease entity. The following clinical signs and symptoms observed in our 
case are generally regarded as characteristic of the disorder. 

There was a severe and prostrating neurologic disease, which progressed from 
the initial symptoms, indicating only slight involvement of the sensory and motor 
systems, to "complete quadriplegia with loss of vision. There was loss of facial 
expression on the left side of the face, indicating involvement of the seventh 
cranial neiwe. The cerebrospinal fluid contained an increased amount of protein 
with a normal cell count ( albumin ocytologic dissociation). Recovery from the 
quadriplegia was rapid for three weeks, with greater improvement in the return 
of the motor than of the sensory functions, but after this initial period only slight 
improvement was noted. A history of infection of the respiratory tract or of 
another infectious disease, so frequently cited as a characteristic part of the syn- 
drome of polyradiculoneuritis, was not obtained. The history of a preceding 
infectious disease is not as frequent as is generally inferred, however, for Fox and 
O’Connor = found it present in only 31 per cent of the cases of polyradiculoneuritis 
reported in the literature. 

We feel that syphilis can be excluded in our case, since all serologic studies, 
including those made on the spinal fluid during the most acute phase of the disease, 
gave negative reactions. There was no history of venereal infection or of anti- 
s}q)hilitic treatment, and the clinical course of an acute neurologic disease with 
quadriplegia followed by improvement is certainly not characteristic of syphilis of 
the central nen^ous system. Furthermore, the pathologic examination of the 
nervous system revealed no evidence of an inflammatory disease. 

A specific dietary deficiency as the cause of the disease seems equally unlikely, 
since the history obtained from the patient’s family verified the statement made 
by him that his appetite was always good and his diet had been adequate. Further- 
more, after entering the hospital he was immediately placed on a high vitamin diet ; 
in spite of this, his most severe neurologic signs subsequently developed, and the 
synthetic vitamin preparations administered both orally and parenterally after their 
appearance had no manifest effect on the subsequent course of his disease. 

The severe loss of myelinated nerve fibers in the posterior column, the dorsal 
roots and the peripheral nerves adequately explains the loss of deep tendon reflexes 
and position and vibration sensibility in the upper and lower extremities. The 
loss of motor power shown by the patient is difficult to explain anatomically, since 
there was no observable pathologic change in the anterior horns, the anterior horn, 
cells or the anterior roots. The loss of motor function might be explained, however, 
as a purely functional loss resulting from the patient’s long convalescence plus the 
functional impediment from the degeneration of the posterior column. 

The pathologic observations gave additional support to the clinical diagnosis 
of polyradiculoneuritis because there was no evidence of inflammatory disease and 
the degeneration noted in the posterior column, accompanied b}’’ large numbers of 
gitter cells, was entirely in keeping with the clinical history . indicative of acute 
degeneration there nineteen months before. 

That the patient’s previous neurologic disease was a contributing factor in the 
development of the intussusception which was the immediate cause of his death 
is impossible to say. If the autonomic nervous system was involved and damaged, 
its altered function might explain the occurrence of the intussusception. Unfortu- 
nately, this possibility was not thought of at the time of necropsy, and the autonomic 
nervous system was not examined. This possibility seems remote, however, since 
the patient showed no signs or symptoms indicating involvement of the autonomic 
neiwous system, either during or after the acute phase of his neurologic disease. 

5. Fox, M. J., and O’Connor, R, D.: Infectious Neuronitis; Review of Literature and 
Presentation of Four Cases, Arch. Int. Med. 69:58-66' (Jan.) 1942. 
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COMMENT 

In the absence of a proved etiologic agent, polj'radiculitis can be regarded only 
as a neurologic syndrome. It is conceivably possible, therefore, that this syndrome 
is not a single disease entity but merely a stereotyped reaction of the nervous 
system to one of several etiologic agents. For this I'eason sweeping generalizations 
about the disease should be avoided, and from the pathologic study of a single case 
we are reluctant to more than suggest that the pathologic changes we have noted 
are uniformly characteristic of the syndrome. There is, however, some basis for 
tins suggestion. 

In the case presented here, for example, the degeneration of the cells of the 
posterior root ganglia and the degeneration of the posterior column and peripheral 
nerves adequately account for the clinical signs and symptoms shown by the 
patient, which were regarded as typical of polyradiculoneuritis. Moreover, in the 
cases of polyradiculoneuritis reported in the literature loss of deep reflexes with 
sensoiy changes indicating involvement of the posterior column was nearly 
universally observed. Additional evidence that this disease primarily produces 
destruction of the posterior column of the spinal cord and the nerve fibers in tbe 
peripheral nervous system associated with it is obtained from stud}'' of the reported 
cases of polyradiculoneuritis in which there was residual neurologic disease. In 
all the cases in which details of the patient’s convalescence were given the last 
neurologic sign to disappear was the loss of deep tendon reflexes and of position 
and vibration sense. Recovery from all loss of neurologic functions was usually 
complete in from six months to one year. Of a total of 130 cases of polyradiculo- 
neuritis reported in the literature which we have reviewed, residual neurologic 
disease lasting over one year was recorded in 7 cases,® and in ever}’- case there was 
either complete loss or moderate diminution of the deep reflexes. Sensory dis- 
turbances were occasionally noted, and in a few instances there was slight motor 
weakness. In 1 case, reported by Guillain,®*' tbe diagnosis of tabes dorsalis was 
made by a family physician five years after the attack of polyradiculoneuritis 
because of the absence of deep tendon reflexes and of position and vibration sensi- 
bility in the lower extremities. The exact nature of the patient’s disease was 
subsequently revealed after the clinical history of an attack of polyradiculoneuritis 
was obtained and complete laboratory studies had revealed no serologic evidence 
of syphilis. 

The pathologic changes in the nervous system noted in our case are in no way 
characteristic of any neurologic disease known to us. Syphilis can be completely 
eliminated as the cause since in the complete and thorough histologic examination 
of the nervous system no evidence of inflammatory disease was seen. The 
degeneration that was so strictly limited to the posterior column, the posterior 
roots and the peripheral sensory nerves does not resemble the pathologic changes 
in the nervous system described in deficiency diseases occurring in tbe human 
subject" or in experimental animals.® We did not observe tbe pathologic changes 
that Roseman and Aring ® and others have described in the ganglion cells and in 
the axis-cylinders in patients who died during the acute stage of the disease. 

We were able to find but 1 other case of polyradiculoneuritis reported in the 
literature in which residual neurologic disease was present and pathologic studies 

6. (a) Gilpin, Moersch and Kernohan,'**^ cases 2 and 12. (h) Guillain, G. : Radiculo- 

neuritis with Acellular Hyperalbumino'sis of the Cerebrospinal Fluid [cases 3 and 5], Arch. 
Neurol. & Psychiat. 36:975-990 (Nov.) 1936. (c) Mclnt 3 ’re, H. B.: Infective Neuronitis 

[case 6], Ohio State M. J. 33:815, 1937. (c?) Roseman and Aring, ^ cases 1 and 15. 

7. Hsu, Y. K. : Pathologic Anatomy of Human Nervous System in Avitaminosis, Arch. 
Neurol. & Psychiat. 48:271-319 (Aug.) 1942. 

8. Swank, R. L. : Avian Thiamin ■ Deficiency ; A Correlation of the Pathology and 
Clinical Behavior, J. Exper. Med. 71:683-702, 1940. Davison, C., and Stone, L. : Lesions 
of the Nervous Sj'stem of the Rat in Vitamin B Deficiency, Arch. Path. 23:207-223 (Feb.) 
1937. 
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were made. This case, reported by Gilpin, Moersch and Kernohan,^'^ was not 
entirely comparable to the case reported here because the patient died of Hodgkin’s 
disease only eight months after the onset of the polyradiculoneuritis. The authors 
expressed the belief that the neurologic disease was not in any way related to the 
Hodgkin's disease, although it was stated that the patient’s neurologic symptoms 
were not entirely typical of polyradiculoneuritis. Furthermore, additional improve- 
ment in the lost neurologic functions could have been expected after eight months. 
Pathologic study of the nervous system disclosed loss of myelinated nerve fibers 
in the sciatic and femoral nerves and the brachial plexus without evidence of 
inflammation. The spinal ganglia showed but minimal change in the ganglion 
cells with a slight increase in the number of periganglionic cells. There was 
degeneration in the posterior column of the spinal cord with gliosis but no evidence 
of inflammatory reaction. The brain was not examined, and the clinical diagnosis 
of Hodgkin's disease was confirmed by the general pathologic examination. The 
pathologic changes in the nervous system described by Gilpin, Moersch and 
Kernohan in the case reported I)}' them were remarkably similar to the changes 
in the case presented here. Although in the case described by these authors there 
was the complicating factor of Plodgkin's disease and the clinical course of the 
disease was admittedly not entirely typical of polyradiculoneuritis, the report only 
lends additional support to the general concept of this disease, namely, that it may 
be a stereotyped reaction of the ccnti'al nervous system to one of several etiologic 
lactors. 

SUMMARY 

A clinicopathologic study of a case of polyradiculoneuritis is reported. Recovery 
from the acute phase of the disease was followed by neurologic signs indicating 
degeneration of the posterior column of the spinal cord. The patient died nineteen 
months after the onset of his neurologic symptoms of an intussusception of the 
small intestine. Pathologic study of the nervous system disclosed loss of ganglion 
cells in the posterior root ganglia with degeneration of the posterior column of the 
spinal cord, the posterior nerve roots and the peripheral nerves, without inflam- 
matory reaction. The observed pathologic changes were not regarded as character- 
istic of any known disease affecting the nervous system. 

CONCLUSIONS 

Polyradiculoneuritis is in rare instances followed by degeneration of the ganglion 
cells in the posterior root ganglia, the posterior column of the spinal cord and the 
peripheral nerves. It is suggested that polyradiculoneuritis may be a stereotyped 
reaction of the nervous system to one of several as yet unknown etiologic agents 
that produce the degeneration of posterior root ganglia, the posterior column of 
the spinal cord and the peripheral nerves. 

Washington University School of Medicine. 

City Sanitarium. 
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MYASTHENIA GRAVIS 
Familial Occurrence 

Henry Aesop Riley, AI.D., and Maurice Frocht, M.D., New York 

The recording of these 2 cases calls attention to the possibility that myasthenia 
gravis may have a familial tendency. Reference to some of the standard text- 
books on neurology discloses a difference of opinion as to a multiple familial 
occurrence. “Myasthenia gravis occasionally appears in more than one member 
of the family.” (Bing’^) ; “There is never any familial or hereditar}'' tendency in 
myasthenia gravis.” (Ford -) ; “Heredit}’- does not play aity considerable role in spite 
of rare observations by Peter and Marina.” (Curschmann ; “The disease is not 
familial or hereditary, but it appears to have a relationship to disease of the thyroid 
and the thymus glands, which have a tendency to run in families.” (McCarth}’’ ‘‘) ; 
“Heredo-familial tendencies are unknown save for the cases of Marinesco and 
Hart.” (Wilson °) ; “The occasional presence of some heredo-degenerative stigmata 
naturally points to a congenital predisposition.” ( Wechsler “) ; “No case is on 
record in which more than one member of a family has been affected.” (Campbell 
and B ram well '). 

Ever since the first description of this syndrome by Wilkes, in 1877, and by 
Erb and Goldflam, in 1878, its constitutional character has been emphasized 
by many authors. Oppenheim,® in 1901, mentioned its association with a number 
of neurologic maldevelopments and diseases. Marinesco ® noted the condition in 
2 sisters and postulated a hereditar}' tendenc)E In an elaborate reHew of the 
entire literature on this subject, Keschner and Strauss did not note its occur- 
rence in 'several members in any one family but stated that “the striking develop- 
mental defects and deformities in the nervous system and in other organs found 
in many of these patients are believed by some authors to indicate that congenital 
predisposition plays an etiologic role.” Hart reported 2 cases in sisters and 

From the Department of Neurology, Columbia University College of Physicians and 
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stated that the familial occurrence of myasthenia is extremely rare. Rothbart'- 
reported 4 cases of the disease in 4 brothers of a family. He treated 2 of these 
patients) a third who died in early infancy was repoited to have had definite 
signs of myasthenia gravis, and in another brother lagophthalmos developed 
during an infection. 

It would seem that although the familial occurrence oi this syndrome is not 
common, its tendency to exhibit constitutional and familial features should not 
be forgotten. 

REPORT OF CASES 

Case A. F., aged 26, a Jewess, born in Poland, was admitted to the New 

York Neurological Institute on April 8, 1942 with the chief complaint of fatigue and drooping 
of the eyelids. 

History. — At the age of 11 years the patient first noticed the onset of fatigue and exhaus- 
tion. She could not play and run as well as other children. The symptoms have continued 
to progress up to the present. With the onset of menstruation, at the age of 12j4 years, 
the symptoms of fatigue became so pronounced during the menses that she could scarcely 
comb her hair without becoming completely exhausted. She observed that her ej'elids tended 
to droop when she was 11 years old, especially in the late afternoon, when she was most 
tired. The field of the fatigue gradually extended and involved walking, swallowing and 
talking. She was hardly able to swallow a glass of water, could not walk a block without 

stopping to rest and was unable to carry out any prolonged activity. When talking she was 

often forced to stop before she had finished because of the fatigue. 

Since 1938 her symptoms have been so severe that she has been practicalfi’’ helpless. She_ 

has had pains all over her body — at times in the muscles, frequently in the knees. Since 

1939 her eyelids have drooped practically continuously. She has never experienced any 
diplopia but has had pronounced limitation of ocular movements in all directions. 

The patient stated that she felt mentally dull, torpid and “dopey” all the time, with no 
interest in anything; although she spent practically all her time in bed, rest no longer improved 
the condition of her muscles. 

Personal History. — The patient had measles and whooping cough in infancy. Her general 
health was good until the age of 11. The menses were always irregular, occurring at intervals 
of twenty-one to twenty-eight days and lasting six days. Because of the irregular and prolonged 
menses and dysmenorrhea, she was operated on for uterine fibroids in 1938. This measure was 
followed by the menopause. 

Her tonsils and adenoids were removed in 1937. She has had no accidents or injuries of any 
importance. She has had various gastrointestinal symptoms since 1941. At times she has had 
dyspnea on exertion, but she has never observed any edema of the ankles. 

Family History. — There were 8 children in the family, 3 brothers and 4 other sisters, 1 of 
the latter being afflicted with the same disease that this patient presents. None of the other 
6 children had any complaints resembling the condition presented by the 2 sisters reported on 
here. There was, however, a familial background of diabetes and hypertension. 

Physical Examination. — The patient was pale and fatigued looking and was rather 
stout; she was 4 feet 10 inches (147 cm.) in height and weighed 133 pounds (60.3 Kg.). 
She had brown, coarse hair and a rather myasthenic facies. Elasticity of the skin was 
diminished. She had a moderate amount of hair over the lumbosacral region and patches 
of hair over the tibial crests. Only a few teeth were left, and some were carious. Her hands 
and feet were small. The thyroid was not enlarged. The mammae were rather large 
and pendulous, with a suggestion of chronic bilateral cystic mastitis. The blood pressure 
was 118 systolic and 72 diastolic. The pulse was regular in rate and rhythm. The heart 
was not enlarged. A systolic blow was present over the pulmonic area. 

Neurologic Examination. — The patient was right handed. Her station was normal. She 
walked with a slow, stiff, hesitant, shuffling gait. She was unable to walk on her toes or 
heels or on a straight line. The muscles felt doughy and lacked the usual tonicity. The 
patient insisted she could not stand on one leg because she was tired. Her speech, although 
distinct at first, became nasal, slow and slurring after the utterance of a few sentences, 

12. Rothbart, H. B. ; Myasthenia Gravis in Children, J. A. M. A. 108:715 (Feb. 27) 
1937. 

13. An earlier report of this case was made by N. W. Winkelman and !M. T. Moore 
(Prostigmin in the Treatment of Myasthenia Gravis and Muscular Dvstrophjq Arch. Neurol 
& Psychiat. 37:237-252 [Feb.] 1937). 
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separate words becoming scarcelj' recognizable. The nasolabial folds were almost oblit- 
erated. Examination of the cerebral nerves showed the following changes : There were 
bilateral ptosis and right internal strabismus. She could not move the right eye outward. 
Upward movement was impaired in both eyes, but downward movements and convergence 
were fairly well maintained. Repetition of these movements resulted in rapid fatigue. The 
pupils were equal and _ reacted to light and in accommodation. There was a moderate 
degree of retinal arteriosclerosis. The facial musculature showed little play as a result 
of internal or external stimuli. She could iiiove the frontalis muscle, 'but centinued move- 
ments resulted in rapid exhaustion of this muscle. The strength of the masseter muscles 
was normal. The functions of the remaining cerebral nerves were normal except for fatigue 
of the uvula on repeated elevation. 

Laboratory Data . — The blood was normal except for slight a'nisocytosis and occasicnaV 
polychromatophilia. The erythrocyte sedimentation rate was 12 mm. in one hour. The 
serum cholesterol measured 240 mg. per hundred cubic centimeters. The blood sugar was 
103 mg. per hundred cubic centimeters. The creatinine excretion was 792 mg. in twenty- 
four hours and the creatine excretion was zero. 7'he basal metabolic rate was — 15 
per cent. 

RooUgoiograjthtc Examination . — The skull was normal. Roentgenograms of the chest 
revealed nothing abnormal except for scoliosis in the upper dorsal region. Lateral and 
oblique views showed no evidence of a mediastinal tumor. , 



Ptosis, the result of pronounced fatigue following movements of the frontalis muscle and 
opening and closing of the eyes for twenty seconds. 


Electrical E.vamination . — The Jolly reaction was slightly positive in the abductor minimi 
digiti and the extensor digitorum communis muscle. Values for chronaxia were within the 
normal range. After faradization of the frontalis muscle, there was an increase in chronaxia 
to about twice the normal value, which was consistent with the diagnosis of myasthenia 
gravis. 

Mental Status . — The intelligence quotient was 65. 

Medication . — The patient had received various types of medication. Ephedrine at first 
helped her a great deal, but she has obtained no benefit from its use since 1939. She has 
also been given prostigmine. Prior to the operation in 1938 the drug was effective, but 
since then it has been ineffectual. Administration of the drug did not improve the defects 
in the lateral gaze but did increase the movements of the eyelids. 

Case 2. — Mrs. S. O., aged 38, married, a sister of A. F. (case 1), was also admitted to 
the Neurological Institute on April 8, 1942, with the chief complaint of diplopia, fatigue and 
drooping of the eyelids. 

History of Illness . — Fatigue had been present since the age of 14 years and drooping of 
the eyelids since the age of 8 years. At the age of 14 years the patient noticed that she 
became more fatigued than the other children with whom she pla 3 'ed, and this tendenej' 
grew worse over a period of j'ears. In 1938 the fatigue and exhaustion became extreme. 
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Her extremities felt like lead. Any activity, such as combing her hair or walking even a 
block, could scarcely be completed because of the rapidly induced ingravescent fatigue. She 
noticed that when she talked she could not finish what she was saying because she became so 
tired. Swallowing had become progressively difficult, until she could scarcely complete the 
drinking of a {jlass of water before tiring. She could, however, eat solid food, but chewing 
became difficult long before the end of an average meal. The fatigue formerly passed off 
after she had rested for a while, but since 1938 she had been tired all the time. She felt 
that from 1938 until 1940, that is, after her hysterectomy, she was much better than before. 
She was more energetic, could walk better and could take care of herself without any 
difficulty. She could swallow, talk and eat as well as other people, but in 1940 the severity 
of the previous symptoms, which 4'.ad almost incapacitated her in 1938, recurred with greater 
. intensity than befoje. The progressive severity of these symptoms has continued up to the 
present. 

The patient’s mother noticed .that at about the age of 8 years the child’s eyelids seemed 
to dro^o. This persisted until the age 5f 23, when an operation was performed to raise 
the lids. This measure gave relief’ for six months, when the lids again drooped. At present, 
when she is tired, her eyelids close despite any effortAo keep them open. Diplopia is present 
whenever she is fatigued. 

Since the age of 14 the patient has noticed of movements of her eyes in all direc- 

' tions and has had to turn her head to see objec^^*'.’’ either side. 

All the aforementioned symptoms formerli^^Lre absent in the morning, after a night’s rest. 
However, during the past few years the‘:;;?,^inptoms have become aggravated and have been 
present practically constantly, even aftet^'^'liight’s rest. She has noticed that she perspires a 
great deal, frightens easily and has beco£^' dull, torpid and without interest in anything. She 
spends most of her time in bed. 

Personal History. — The patient sleeps normally. She began to wear glasses seventeen 
years ago. Her periods began '.at the age of 17, occurring every twenty-one days and 
lasting about six days. Because of- irregular menses and profuse bleeding, a hysterectomy 
was performed in 1938. In 1940 she had symptoms suggesting a menopausal syndrome, 
with hot flushes, nervousness and shooting pains. She had occasional nocturia, and on rare 
occasions frequency of urination. She has never been pregnant. She is constipated. 

Physical Examination. — The patient was moderately well developed, weighed 125 pounds 
(56.7 Kg.) and was 4 feet 11 inches (149.8 cm.) tall. She was pale and sallow, with a 
wrinkled skin, and was moderately obese. The thyroid was not palpable. The mammae were 
large and pendulous. The pulse was regular in rate and rhythm. The heart was not 
enlarged, and the heart sounds were of good quality, but the aortic second sound was 
greater than the pulmonic second sound and was bell-like in quality. The blood pressure 
is 150 systolic and 90 diastolic. 

Neurologic Examination. — The patient was right handed. Her station was normal. She 
walked with a slow, awkward, stiff gait. She was unable to walk on her heels or toes or 
on a straight line. The muscles were generally flabby, and the muscles of the thigh felt 
doughy. She was unable to stand on one leg because of weakness. She talked with a slight 
nasal twang, and her voice fatigued readily. Speech was slurred and bulbar in type. In 
contrast to her sister’s, her face was full of expression, although there was bilateral ptosis 
and the eyebrows were held in an arched position. The nasolabial folds were well outlined. 
All the deep reflexes were active and within normal limits. The abdominal reactions were 
present, and the plantar response was normal. The sensorj’ status was normal for all 
modalities. The cerebral nerves showed the following changes : There were bilateral ptosis 
and limitation of ocular movements in the lateral direction. Upward movements were also 
limited in both eyes, but-' convergence was fairly well performed. High grade myopia was 
present. The pupils were even and reacted to light and in accommodation. The fundi were 
well visualized, and there was a moderate degree of retinal arteriosclerosis. She was able to 
move the frontalis muscle well, but repetition of these movements resulted in rapid fatigue. 
The strength of the masseter muscles was normal. The functions of the remaining cerebral 
nerves were normal. 

Laboratory Data. — The blood count was normal except for slight anisocj’tosis. The 
serum cholesterol measured 278 mg. per hundred cubic centimeters. The creatine excretion 
rate was 32 mg. and the creatinine excretion rate 606 mg. in twenty-four hours. The basal 
metabolic rate was — 20 per cent. 

There was no evidence of enlargement of the spleen. The skull was normal. 

Electrical Examination. — The muscles of the face did not show any fatigue reaction or 
any increase of chronaxia after fatigue. The Jolly reaction was slightly positive in the 
extensor digitorum communis muscle. 
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Menial Status . — The intelligence quotient was 76. 

Medication . — This patient, like her sister, benefited little from 3113 - form of medication. 
She has been to numerous physicians and has had many kinds of medication. Until approxi- 
mately a year ago, ephedrine roused her from her torpor and exhaustion, but for the past 
year or year and a half, this drug has had no effect whatever. However, neither of the 
sisters had ever been given systematic treatment with prostigminc. Prostigmine methyl- 
sulfate was given in the usual dose for diagnostic confirmation, and both patients responded 
satisfactoril}'. 

SUMMARY 

The 2 cases of myasthenia gravis, occurring in sisters, presetited here fulfil 
satisfactoril}^ the requirements for the diagnosis of this syndrome. 

1. The onset of the disease was characterized by weakness of striated muscles 
and involvement of the ocular and bulbar muscles. 

2. Abnormal and unusual fatigue was the outstanding feature in each case. 
This was demonstrated repeatedly. 

3. A history of remissions and exacerbations was present in each case. 

4. The myasthenic reaction of Jolh' was definitely positive in 1 case and mildly 
positive in the other. 

5. Both the patients had low intelligence quotients. 

6. Temporary improvement, even though of short duration, followed the injec- 
tion of prostigmine mcthylsulfate in both cases. 

7. The familial background was one of diabetes, hypertension and cardiac 
disease. 

These 2 cases of myasthenia gravis constitute the fourth instance reported in 
medical literature in which more than one member of a family was involved. 
It is believed that a more careful search and a comjjletc history in each case of 
myasthenia may reveal additional data concerning a tendency of this disease to 
develop in more than a single member of a family. 

The chronaxia tests were performed by Dr. Joseph Aloldaver, and tiic psycliometric 
examinations, by Afiss Gladys Tallman. 

117 East Seventr'-Second Street. 

610 West One Hundred and Tentii Street. 



News and Comment 


SYMPOSIUM ON MILITARY PSYCHIATRY 

The ^lichigan Societj' of Neurologj’’ and Psychiatry devoted its meeting of March 25, 1943 
to a round table discussion on the subject “The Importance of Neuropsychiatry in the Selection 
of jMen for the Armed Forces.” Dr. John M. Dorsey, president of the societ}^ presided at the 
meeting, and Dr. Thomas J. Heldt, physician-in-charge of the Division of Neuropsychiatry 
at the Henry Ford Hospital, Detroit, acted as moderator. The speakers included Col. Leonard 
G. Rowntree, Medical Corps, Army of the United States, Medical Director of the Selective 
Service System; Brig. Gen. LeRoy Pearson, Medical Corps, 'Army of the United States, 
Director of the Selective Service System for the State of Michigan ; Lieut. Col. William C. 
Alenninger, Medical Corps, Army of the United States, Neuropsychiatric Consultant to the 
Fourth Service Command, Medical Branch, Atlanta, Ga. ; Commander Francis J. Braceland 
(A'lC), U. S. N. R., National Naval Medical Center, Bethesda, Md. ; Major Clarence 1. Owen, 
Medical Corps, Army of the United States, State Medical Officer, Selective Service System for 
the State of Michigan, and Lieut. Col. Roscoe W. Cavell, Medical Corps, Army of the United 
States, Senior [Medical Officer, Detroit Army Induction Station, Detroit. 

The purpose of the symposium was to bring together representatives of the Selective Service 
System and the armed forces in order to promote a better mutual understanding of the neuro- 
psychiatric problems which occur in the selection of men for the armed forces and in order to 
emphasize the need for recognition of potential neuropsychiatric casualties. The meeting was 
open to physicians and officers of the local draft boards. 

THE AMERICAN PSYCHIATRIC ASSOCIATION 

At the ninety-ninth annual meeting of the American Psychiatric Association in Detroit, 
May 10 to 13, 1943, the following officers were elected : president, Edward A. Strecker, M.D., 
Philadelphia; president-elect, Karl M. Bowman, M.D., San Francisco; secretary-treasurer, 
Winfred Overholser, M.D., Washington, D. C.; auditor, Ralph C. Hamill, M.D., Chicago; 
councillors, Thomas A. Ratliff, M.D., Cincinnati; Arthur H. Ruggles, M.D., Providence, R. L; 
Raymond W. Waggoner, M.D., Ann Arbor, Mich., and G. Alexander Young, M.D., Omaha. 
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Anatomy and Embryology 

Studies of Living Nerves: VII. Growth Adjust.ments of Cutaneous Tf.r.minal .Arbori- 
zations. Carl Caskey Speidel, J. Comp. Neurol. 76:57 (Feb.) 1942. 

Speidel studied in living tadpoles the ciianges in cutaneous nerve endings during growth 
from shortly after hatching until the full}- grown stage. He found that individual endings 
of the same fiber independently may undergo either extension or retraction, that new branches 
may arise and grow out and that old branches may be entirely eliminated by either retraction 
or degeneration. Degeneration was sometimes preceded by autotoiny. During a period of 
twenty-si.x days, 38 endings developed on a terminal arborization, and 13 were eliminated. The 
longest ending was 200 to 250 microns. In a forty-eight hour period the extension was usually 
less than 100 microns and the retraction less than 50 microns. The shape of the terminal 
swelling varied according to the activity of the arborization. Shifts in position of a nerve 
ending tip were brought about by growth or retraction, by retraction followed by growth in 
a new direction, by development of a new branch followed by loss of the old tip and by 
degeneration of a variable length near the tip with or without preceding autotomy. Aberrant 
endings located deeply sometimes underwent adjustment to reach the surface. 

Fraser, Philadelphia. 

E.xperimental Verification of the Differences i.v the Argyrophilia of Sy.mpathetic 
PosTGANGLioNics AND OF OTHER Nerve Fibers. Jose F. Nonidez and Kendrick Hare, 
J. Comp. Neurol. 76:91 (Feb.) 1942. 

In order to verify that the pale fibers in the cardiac nerves are sympathetic postganglionic 
fibers, Nonidez and Hare excised the ventral roots and dorsal root ganglia from the first to 
the sixth thoracic segment unilaterally in 2 puppies. A week later the vagosympathetic trunk 
in the neck and the sympathetic chain at the level of the fifth rib were cut. The animals 
were killed eight and thirteen days later. The sympathetic chains from each side were prepared 
with silver. Some regeneration of preganglionic roots had occurred in both animals. The 
ganglia which had been operated on showed (1) absence of the intercellular ple.xus formed by 
the terminal branches of the preganglionic fibers; (2) only a small number of deeply stained 
fibers, which were preganglionic fibers either degenerating slowly or undergoing regeneration, 
and (3) intact postganglionic fibers all lightly impregnated. Nonidez and Hare suggest that 
the differential argyrophilia is probably due to chemical differences in the protoplasm of the 
neurons. Addison, Philadelphia. 


The Topical Organization and Termination of the Fibers of the Posterior Columns 
IN Macaca Mulatta. a. Earl Walker and Thomas A. Weaver Jr., J. Comp. Neurol. 
76:145 (Feb.) 1942. 

Walker and Weaver sectioned the posterior roots in 8 macaque monkeys; in 16 animals 
chordotomy or myelotomy was performed. In these operations the posterior columns were 
sufficiently injured to give a reaction with the Marchi technic. In general, the ascending 
fibers are displaced medially and dorsally by more proximal incoming fibers. The fibers of 
the sacral roots ascend in the posterior column along the midline and in the dorsomedial angle 
of the funiculus, ending in the caudal and medial portion of the nucleus gracilis. The fibers of 
the lumbar roots pass rostrally in the middle of the fasciculus gracilis and terminate in the 
nucleus gracilis slightly oral and lateral to those from the sacral roots. As the fibers from 
lower segments ascend in the posterior column, many pass into the posterior horn and end 
there, so that less than half of the sacral fibers observed in the lumbar region are present in 
the cervical i-egion. The fibers from the lower thoracic roots traverse the lateral portion of 
the fasciculus gracilis and end in the oral and lateral parts of the nucleus gracilis. The fibers 
from the upper thoracic roots ascend in the medial part of the fasciculus cuneatus and terminate 
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in the medial parts of the nucleus cuneatus proprius and nucleus cuneatus externus. The fibers 
from the cervical roots lie in the lateral portion of the cuneate fasciculus and terminate laterally 
in the cuneate nucleus. Fraser, Philadelphia. 


The Development of Late Gastrula Ectoderm in Regenerating Tissue of Rana Pipiens 

Larvae. Henry S. Emerson, J. Exper. Zool. 90:353 (Aug.) 1942. 

Late gastrula ectoderm in the blastema forms atj^pical brains, eyes with lenses and cartilage. 
It also forms definitive epidermis, suckers, horny jaws and teeth and nasal sacs. Brain, eyes 
and cartilage are confined to the presumptive neural plate, while presumptive epidermis forms 
only definitive epidermis and epidermal derivatives. The latter ectoderm curls up into a 
vesicle with the outer ectodermal surface inside, but the organs of the central nervous system 
develop directly from the ectoderm without forming a vesicle. Since nasal sacs without any 
nerve tissue, as well as horny teeth and jaws, come from gastrula ectoderm taken from the 
large yolk plug stage, there is good evidence that the normal development of these organs is 
induced by the roof of the archenteron, and not by the forebrain. Nearly all of the ectodermal 
surface of the late gastrula can form suckers in the blastema. Since the morphogenesis and 
histogenesis of the graft derivatives are nearly normal, the mesenchyme of the blastema is a 
favorable environment for the development of embryonic tissues and organs. 

Wyman, Boston. 

The Nervous System and Regeneration of the Forelimb of Adult Triturus : 1. The 
Role of the Sympathetics. Marcus Singer, J. Exper. Zool. 90:377 (Aug.) 1942. 

Removal of the somatic supply to the forelimb (Triturus viridescens) by extirpation of 
the third and fourth or of the third, fourth and fifth spinal ganglia without damage to the 
sympathetic nerve supply was not followed by regeneration except in a few animals. The 
regeneration could be explained on the basis of somatic fibers. After unilateral sympathectomy 
of the cord typical regeneration occurred. It is concluded that the normal sympathetic supply 
is not essential for regeneration, whereas the somatic supply in part is required. 

Wyman, Boston. 

Transplantation of Aneurogenic Forelimbs in Amblystoma Punctatum. Jean Piatt, 
J. Exper. Zool. 91:79 (Oct.) 1942. 

Forelimbs made aneurogenic by extirpation of segments of the spinal cord at stages 23 to 
25 were allowed to develop until ten to fourteen days after feeding (parabiosed to a normal 
mate) and then were grafted in place of the right forelimb of a normal larva. Normal function 
of the grafted forelimbs occurred as early as fifteen days after transplantation. The nerve 
pattern formed by the brachial nerves of the host was almost normal in the majority of limbs 
and was never chaotic. The innervation of specific muscles was within the limits of normality. 
Prior to transplantation none of the limbs showed any motor or sensory activity, and histologic 
examination of the donor animals revealed that there was no possibilit}'^ of innervation in 19 
of these animals. Piatt concludes that nerves can form almost normal distribution pathways 
within an organ the histogenesis and morphogenesis of which have been completed prior to 
nerve invasion and the tissues of which are devoid of degenerating nerves. The role of the 
nerve fiber in attaining its peripheral distribution may not be entirely passive. 

Wyman, Boston. 


Physiology and Biochemistry 

Studies on the Metabolism of Brain Suspensions : 1. Oxygen Uptake. K. A. Elliott 

and B. Libet, J. Biol. Chem. 143:227, 1942. 

/ 

Suspensions of brain tissue, prepared by homogenization in mediums made isotonic with 
salts, sucrose or dextrose, respire up to 400 per cent faster than suspensions prepared in hypo- 
tonic mediums. An isotonic solution of urea behaves like a hypotonic medium. Addition of 
salt or sucrose to a suspension homogenized in a hypotonic medium causes increases up to 
65 per cent in the respiratory rate. The initial respiration of dextrose-containing isotonic 
brain suspensions in sodium chloride is considerablj’^ decreased by small amounts of Ca'^'^ or 
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but these ions improve the maintenance of activity. The magnesium ion has little effect 
in the absence of dextrose or in hypotonic suspensions. The presence or absence of bicarbonate 
has no effect. Sodium chloride, sodium sulfate and sodium phosphate have specific stimulating 
effects. The potassium ion is inhibitory. Suspensions respire initially at the same rate in air 
as in oxygen. After an hour the respiration is progressively inhibited by oxygen. Oxygen 
inhibition can also be shown with slices of cortex. Dilution of isotonic suspensions with iso- 
tonic medium has little effect on the activity per unit weight of tissue. The activity of hypo- 
tonic suspensions decreases somewhat on dilution. 

Homogenization in a hj'potonic medium causes brain largely to lose the power of oxidizing 
dextrose. Small additions of citrate to dextrose-containing isotonic suspensions cause increases 
in the initial respiratory rate, which are dependent on the presence of magnesium. With or 
without magnesium, citrate improves the maintenance of the rate. In the absence of dextrose 
and in hypotonic suspensions citrate has no effect or inhibits slightly. Malate causes an initial 
acceleration of respiration, followed bj' some inhibition, in the presence or absence of dextrose 
and magnesium; its accelerating effect is larger with hypotonic suspensions. Fumaratc slightly 
accelerates the initial respiration of isotonic suspen.sions and causes improved maintenance of 
rate. With hypotonic suspensions fumaratc causes considerable initial acceleration, but less 
than malate, and inhibition does not set in. Heated liver extract causes considerable initial 
increase in respiration, especially with hypotonic suspensions, followed by inhibition. Insulin 
has no effect. Metrazol in relatively high concentration inhibits respiration. 

The respiratory activity of slices of cortex and that of suspensions of whole brain are 
compared. The authors show that slices and suspensions behave in most respects in the same 
way' but that isotonic suspensions are possibly more suitable, and certainly more useful, prep- 
arations for studies of brain metabolin. Page Indianapolis 


Histochemical Changes Associated with Aging: II. Skeletal and Cakdiac Muscle 
IN THE Rat. O. H. Lowry, A. B. Hastings, T. Z. Hull and A. N. Brown, J. Biol. 
Chem. 143:271, 1942. 

The concentrations of water and chloride in the skeletal muscle of the rat decrease during 
growth and rise again in old age. The concentrations of potassium and phosphorus likewise 
decrease during growth but continue to fall in senescence. The changes in cardiac muscle are 
similar but much less pronounced. Considerable variation exists in the extent of the chemical 
changes in the muscle of the oldest animals. When these changes arc interpreted histo- 
chemically, there appears to be an increase during growth in the proportion of intracellular 
tissue at the expense of the e.xtraccllular compartment. In the middle period of life little 
change is observed ; but in senescence the relative mass of the intracellular compartment 
decreases, particularly in skeletal muscle, leaving a greatly increased e.xtracellular compartment. 
In the adult the proportion of extracellular material is much greater in cardiac than in 
skeletal muscle and the increase with age is much less extensive. 

These changes in the relative amounts of the major tissue compartments may have impor- 
tant consequences; (o) The increase in the amount of e.xtracellular fluid in skeletal muscle 
in old age may affect the efficiency of exchange between blood and fibers ; {b) the variation 
during life in tlie proportion of fibers in a given weight of muscle may explain some of tlie 
changes occurring in the metabolic activity and mechanical ability of muscle at different ages. 
During senescence no evidence was found for desiccation of the whole muscle, the extracellular 
portion of tissue or the fibers. The changes in the water and solids of the extracellular 
compartment of cardiac and skeletal muscle during aging were slight. The concentration of 
collagen in the extracellular compartment was not increased in old age. The intracellular 
concentrations of phosphorus and potassium decreased during growth in skeletal muscle, but 
during senescence the concentrations of water, total phosphorus and potassium in the muscle 
fibers underwent no significant change. Similarly, senescence produced no definite change in 
the water and total phosphorus concentrations in the cardiac muscle fibers. 

Page, Indianapolis. 


Psychiatry and Psychopathology 

The Neuromuscular Hypertension and the Understanding of Nervous Conditions. 
Trygve Braatoy, J. Nerv. & Ment. Dis. 95:550 (May) 1942. 

Pain and fatigue are symptoms caused by a multitude of factors, some of them so obscure 
that even painstaking clinical investigation fails to explain them. Under this category fall the 
complaints of many patients usually designated as neurotic, although the author points out 
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that all healthy persons have at times suffered from ill defined and poorly localized sensations 
of pain and tiredness in a limb. These feelings actually originate within the muscles; hence 
it is of great importance for the physician to be able to test tbe state of muscular tension or 
relaxation and for the patient to become aware of it. In educating the patient to awareness of 
his muscle sense, a careful course of training must be instituted. Considerable individual 
variation is found, and there is difficulty in making the patient distinguish between contraction 
of single muscles and movements of a part. 

Braatdy believes that muscular overstrain, or, as he calls it, hypertension, is frequently the 
starting point for neurotic symptoms. Sometimes the actual mechanism of “repressing an 
emotion” lies in contracting the maxillary, respiratory and abdominal muscles, and the main- 
tenance of some degree of contraction over a long period may cause pains due to muscular 
hj'pertension. A natural accompaniment is the sensation of fatigue. 

Such more or less fi.xed hypertension of the respirator}*' and abdominal muscles leads to an 
interest in the behavior of respiration in neurotic persons, which shows that there is practically 
alwaj's failure to relax the muscles, with consequent costal breathing. Because of the reflex 
relationship between muscular tonus and vegetative functions, relaxation in the breathing habits 
of a patient often leads to improvement in other systems, such as the vascular and the gastro- 
intestinal apparatus. 

One result of the author’s 'muscle sense training in 2 cases was the eliciting from the patients 
of material of anamnestic value, brought out by specific findings referred to the muscular 
system. Also, the differential investigation of muscle sense, especially with regard to asym- 
metries, may provide a clue to the existence of neurologic abnormalities. 

Chodoff, Langley Field, Va. 

Report of a Family Exhibiting Hereditary Mirror Movements and Schizophrenia. 

Bernard C.' Meyer, J. Nerv. & Ment. Dis. 96:138 (Aug.) 1942. 

Meyer discusses the occurrence in various members of the same family group of schizo- 
phrenia and pathologic synkinetic phenomena. Since a possible etiologic relationship between 
the two conditions was suggested, a complete family pedigree was prepared in order to inves- 
tigate the hereditary aspects of the problem. Hereditary synkinesia has been shown to be 
transmitted as a single dominant factor, and the occurrence of the disorder in the family 
studied followed such a pattern. In accordance with Kallman’s investigations, schizophrenia 
was considered to be based on a single recessive genetic factor, and the numlier of cases of 
schizophrenia, schizoid personality and schizoid psychopathy found on both sides of the family 
was entirely consistent with the expectations to be fulfilled in accordance with this belief. 
Aleyer concludes that the two conditions are completely independent of each other from the 
genetic view, each factor following its own line of inheritance. 

Mirror movements have been described in persons with hemiplegia and hemiparkinsonism 
and as a physiologically healthy activity in infants and young children. In pathologic cases, 
the lesion responsible for the condition has been placed by various authors in the substantia 
nigra, the spinal cord and a hypothesized inhibitory center in the parietal lobe. Meyer believes 
that none of the suggested sites of origin can explain all the clinical cases and suggests instead 
that the syndrome is due to a break anywhere in a long conduction pathway close to, but not 
identical with, the pyramidal tract. The movements would then be regarded as a release 
phenomenon similar in nature to the hyperactive reflexes of disease of the pyramidal tract. 
Mirror movements initiated by passive motion are attributed to an identical mechanism except 
that here the movement is the effector end of a reflex arc initiated by a proprioceptive stimulus. 

Chodoff, Langley Field, ^'’■a. 

Visual Hallucination During Paraldehyde Addiction. Marcel Heiman, J. Nerv. & 
Ment. Dis. 96:251 (Sept.) 1942. 

Addiction to paraldehyde in some cases causes rather characteristic visual hallucinations, 
especially during withdrawal periods and usually as part of a delirious state. Heiman reports 
the case of a paraldehyde addict who frequently had a visual hallucination in the form of a 
symmetric fernlike net, which under certain conditions gave the illusion of movement. The 
pattern of the hallucination resembled closely the type of “form constants” described as seen 
under the influence of mescaline. The phenomenon was perceived onl}*- under conditions of 
indistinct lighting and incomplete adaptation. The unvarying nature of the hallucination each 
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time it appeared suggested comparison with the visual aura preceding an epileptic seizure. 
The pattern of the phenomenon was probabh' determined by the fact that tlie patient was 
looking at a plant composed almost entirely of stems and stalks just before its first appearance. 
Thus, like a visual aura, the e.xperience seemed to consist mainly of a forced repetition and a 
rigid after-effect. Its physiologic substrate appeared to depend on a state of increased irrita- 
bility of a cortical area during the patient’s withdrawal period. The phenomenon, when present, 
filled the entire visual field, and its appearance was accompanied by inability of the patient to 
orient himself in space. The apparent movement of the phenomenon was related to the patient’s 
own movements and is explained on the basis of disturbance of spatial stability, which is 
ordinarily maintained bj' harmonizing forces belonging to the vestibular and the optoscusory 
apparatus. Chodoff, Langley Field, Va. 


AIicropsi.a. Leo H. Bartemeier, Psychoanalyt. Quart. 10:57.1, 1941. 

Hysterical micropsia differs from that of organic origin in that the object appears to recede 
as it becomes smaller and there is microscopic vision even when the lids are closed. In 
Bartemeier’s patient, a married woman aged 28, the micropsia was a conversion .symptom 
expressing a wish that the object toward whom the patient had hostile feelings, might be 
removed and thus destroyed so that the patient could not harm it. The symptom followed 
the birth of a younger brother, which made the patient intensely ashamed of her mother and 
angry at her father and the baby. The path to the use of the eyes for the purpose of expressing 
hostility lay through the childhood c.xpcricncc that when the patient was angry at her mother 
she made faces and crossed her eyes. This induced the mother to warn her that this practice 
would hurt her eyes. As in the cases reported by Inman, the aggression was oral and originated 
in a prolonged nursing period and subseciucnt inability to express fully her intense aggression. 

Pe.vrsox, Philadelphia. 

Mya.sthexia Gravis and Psychosis, M. Haymax, Psyebosom. Med. 3:120 (.April) 1941. 

Hyman describes a case of myasthenia gravis in which, two years after the onset of the 
illness, there developed a psychiatric disorder characterized by depression and delusions of 
persecution and of grandeur. These delusions were colored by the somatic symptoms of the 
patient. As was to be expected, the emotional upheaval of rage which occurred on the slightest 
provocation resulted in severe respiratory embarrassment. The author speculates concerning 
the possibility of a more or less specific reciprocal relationship between the somatic and the 
psychic manifestations which were present in this case of myasthenia. 

ScnLEZixcER, Philadelphia. 

The Ixcidence of Neurosis ix Cases of Broxchial Asthma. V. Schatia, Psjxhosom. 
Med. 3:157 (April) 1941. 

Schatia studied a series of 40 cases of bronchial asthma by means of the Rorschach test in 
an effort to determine the incidence and character of the neurosis. The interpretation of the 
composite Rorschach record in this series apparently indicates that asthmatic patients have 
psychoneuroses of the obsessional type. Their personalities are characterized by a tendency 
to rigidity in their reactions, with covering of emotional turmoil by excessive intellectualization. 

Schlezixger, Philadelphia. 

The Emotional Settings of Some Attacks of Urticaria. L. J. Saul and C. Bernstein Jr., 
Psychosom. Med. 3:349 (Oct.) 1941 

Saul and Bernstein consider the problem -of urticaria as a psychosomatic manifestation 
through a detailed investigation of a single case They focus tbeir attention not on the details 
of the patient’s personality structure but on the emotional states occurring at the time of the 
urticarial attacks. The subject for study was a young -woman with intense longings for love 
who was unable to satisfy these desires by normal sexual relationship with a man because of 
her fears and inhibitions. Urticaria developed at times when her desires were especially 
stimulated and frustrated. Twelve urticarial episodes were observed during the analysis, and 
their emotional settings are described. Eight of them occurred in connection with dreams 
which ended always on the verge of frustration in a situation in which a desire was portrayed 
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as almost but not quite satisfied. Other types of dreams were never followed by urticaria. 
However, a repetitive dream in which a reached-for object or person slipped from the patient’s 
grasp was sometimes followed by weeping instead of bj'^ urticaria. The urticaria appeared 
when weeping was repressed and often ceased when the patient cried. The findings were con- 
firmed by the analysis of a second patient and b}' a few observations on 5 patients who were 
examined in interviews. On the basis of these results, as well as other observations in cases 
of asthma, Saul and Bernstein suggest the possibility that there ma}^ be a relationship between 
certain states of allergic sensitivity and psj’chod 3 mamic states of intense frustrated longings. 

ScHLEZiNGER, Philadelphia. 

Blood Pressure and Pulse Changes in Normal Individu.-vls Under Emotional Stress : 

Their Relationship to Emotional Instability. D. P. Morris, Ps 3 '-chosom. Med. 

3:389 (Oct.) 1941. 

Morris utilized a group of 62 student nurses between 18 and 25 years of age and a group of 
17 student pilots between 19 and 25 years of age in an effort to determine whether there was 
any correlation between emotional instabilit 3 ' and blood pressure or changes in pulse rate in 
normal persons subjected to emotional stress. The blood pressures and pulse rates of the 
student nurses were obtained at their initial ph 3 ’^sical examination, which was considered by the 
author to be an experience characterized by considerable emotional stress. Similarly, the blood 
pressures and pulse rates of the student pilots were obtained at the time of the qualif 3 dng 
physical examination, but the 3 " were also studied at the time of the initial flight, and in a few 
cases just before the initial attempt to perform a difficult aeronautic maneuver. Relatively 
superficial ps 3 Thiatric surveys were made of the subjects in both groups. From the data 
obtained, it is concluded that elevations of the S3'^stolic blood pressure of 10 to 30 per cent above 
the basal level in situations of mild emotional stress are not abnormal. It was further noted 
that there was no correlation between these elevations in blood pressure and the incidence of 
cardiovascular disease in the family. The changes in pulse rate were more variable than the 
blood pressure and included both increases of 40 per cent and decreases of 20 per cent. The 
author concludes that vascular reactions to emotional stress such as were obtained in the 
nurses and student pilots arc so common that the 3 ' can be considered a normal physiologic 
response. Schlezinger, Philadelphia. 

Br.-un Potentials and Morphine Addiction. H. L. Andrews, Psychosom. Med. 3:399 
(Oct.) 1941. 

Andrews studied the electroencephalograms of a series of 50 men during a period of main- 
tained addiction to morphine, as well as the records of another series of 50 men in whom 
addiction to morphine had been terminated for at least one year. It was observed in both 
groups that the distribution curves for the percentage of alpha activity did not conform with 
the electroencephalographic patterns described for normal subjects. The records of men during 
maintained addiction to morphine were characterized by an abnormally high percentage of 
alpha activity associated with a lowered alpha frequenc 3 L In some instances the high alpha 
index was maintained after withdrawal of morphine, while in others there was a sharp drop. 
Of particular significance was the fact that a high percentage of alpha activity was maintained 
during the active phase of withdrawal in spite of a high degree of emotional tension, which in 
normal subjects usually abolishes the alpha rhythm. Because of the comparatively slight 
effects of withdrawal of the drug on the electroencephalogram, the author infers that the primar 3 ' 
reaction of morphine is not on the cortex or the corticothalamic S 3 "stem but rather on the h 3 "po- 
thalamus. 

In general a single dose of morphine had no appreciable effect on the brain potential record 
of a nonaddict. However, for 1 patient a characteristic sleeping rh 3 qhm Avas recorded A\Een 
he AAas not asleep. Schlezinger, Philadelphia. 


Military Psychiatry. William C. Porter, War Med. 2:543, 1942. 

Porter raises a number of interesting questions in relation to pS 3 "chiatric problems among 
the armed forces. He points out that the rejection of an inductee for psychiatric reasons may 
Avork the inductee harm on return to his communit 3 L He suggests that instead of certifying 
a man as rejected for ps 3 '^chiatric reasons, it AA'Ould be better to state that the inductee is not 
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suited for military service because of personality defects but is suited or unsuited for selected 
civilian war work. He asks the question whether present psychiatric knowledge is suflicient 
to make certain that the men they reject are rcall}' unsuited for military service and cites a 
number of examples of men who seemed unsuited but made excellent soldiers. In this con- 
nection it is interesting that the Nazis and Gillespie of the Royal Air Force depend more on 
estimation of the character and temperament of the inductee than on any formal tests. In the 
light of the e.xperiences of the last three years it is a])parcnt that mobile warfare is not as 
liable to cause psychoneuroses as trench warfare was. i)robably because in mobile warfare there 
is more opportunity to express aggression adequately. The evacuation from Dunkirk pro- 
duced a number of cases of acute neuroses, which disappeared completely under a few days 
of treatment. 

Porter believes it is important to study groui)s of soldiers, selected on the basis of their 
family and past histories, because only from such a study can any real criteria for future 
selection be obtained. It is imiiortant, also, after an inductee has entered the service that a 
careful study of him be made in order to fit him into his proper niche. 

Pr.ARSo.N’, Philadelphia. 

ELECTKO-ExCEPIIALOCiKAI'IIIC STUDIES OK PSVCHOI’ATII IC PeRSOXALITIES. DeXIS HiI.I. aud 
Doxald Wattersox, J. Neurol. & Psychiat. 5:47 (Jan. -April) 1942. 

Hill and Watterson made elcctrocnccphalographic studies on 151 patients with psychopathic 
personalities and compared the observations with those made on 52 control patients. The 
psychopathic patients were divided into aggressive, inadequate and mi.xed types. The last 
included persons with neuroses, psychoses and epilepsy superimposed on psychopathy. Of the 
151 patients, 48 per cent had abnormal electroencephalograms, of which 13 per cent showed 
abnormalities in the record during rest, 15 per cent after hyperventilation and 20 per cent 
under both circumstances. Of the total control group, 15 per cent had abnormal electro- 
encephalograms, a higher figure than that given by other workers. The autliors found in the 
family and personal histories of tlie controls with abnormal electroencephalograms many 
instances of aggressiveness, impulsiveness and irritability. Of 66 predominantly aggressive 
psychopathic patients, 65 per cent had abnormal electroencephalograms, while of 38 pre- 
dominantly inadequate psychopathic persons 32 per cent had abnormal records. The electro- 
encephalograms of purely delinquent persons and of subjects with sexual perversions were for 
the most part normal. Only 1 of 11 epileptic patients with aggression in the mixed group had 
a normal electroencephalogram. Thus, four times as many aggressive p.sychopathic and twice 
as many inadequate psj'cbopathic jiersons as controls had dysrhythmia. The abnormal resting 
record as a single factor plays a greater part in the dysrhythmia of the nonaggressive group, 
while abnormal response to hyperventilation is of equal frequency in the two groups. A closer 
relationship between past injury to the head and dysrhythmia was found to exist in the non- 
aggressive than in the aggressive group. Epilepsy, though a rare factor in the authors' material, 
when associated with aggressive psychopathy produced a higher percentage of abnormal 
electroencephalograms than when either condition existed alone. Aggressive bad temper was 
found nearh’^ three times as frequently among the first degree relatives of aggressive psycho- 
pathic patients as among persons of the inadequate group, and dysrhythmia was more common 
in the former group with such a family history. The results prove that the electroencephalo- 
gram is consistently abnormal in aggressive psychopathic subjects. This may have its 
explanation in a failure of development or in immaturity of the central nervous system in such 
psychopathic persons, since similar abnormalities of the electroencephalogram are found in 
young children. ^^Ialamud. Ann Arbor, Alich. 


The W.ar and Nervous Disturb.ances. Leopoldo Bard, Arch, brasil. de med. 32:83 (March) 
1942. 

Bard notes briefly that disturbances of the nervous system without underlying organic 
injury occur in time of war. The disturbances are more frequent among noncombatants than 
among combatants, and are frequent even among persons in neutral countries not involved in 
the actual conflict. Such people follow anxiously bulletins, journals and radio programs and 
react with depression, anxiety, apathy, lassitude, insomnia, hyperemotivity and similar symp- 
toms. Thej'- are excessiveb^ sensitive, impressionable and suggestible. The author feels there 
is consolation in the fact that the symptoms are not grave and can be relieved rather easily. 

Bailev, Chicago. 
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Diseases of the Brain 

Pyramidal Signs of the Upper Extremity. O. Lange, Rev. Assoc, paulista de med. 8:351 
(June) 1941. 

This scliolarlj'^ article won a well deserved prize. The difficulty in eliciting objective signs 
of defect of the p 3 Mamidai tract from the upper extremity is familiar to all neurologists. The 
author has made a painstaking review of those which have been described, illustrates each of 
them and presents an interpretation of them in physiologic terms. Two tables summarize the 
contents of the book. 


Pathologic Reflexes Resulting frotii Lesions of the Pyramidal Tract 


Name 

Stimulus 

Response 


Palm-chin refle.x 
(Marinesco-Radovici) 

Stimulation of lij'pothenar region 
(ulnar, median) 

Contraction of muscles of chin 
and elevation of corner of mouth 

Thumb-adductor 
reflex (“Babinski of 
the hand”) Alarie-Foix 

Superficial stroking of hypothenar 
region (ulnar) 

Adduction and flexion of thumb ; 
sometimes flexion of adjacent 
digits and extension of little 

V ariations : 

Foxe 

Oppenheim 

Schaffer 

Gordon 

Pinching hypothenar region 
Rubbing external surface of fore- 
arm 

Pinching tendons of palm 

Squeezing muscles of forearm 

finger 

Same response 


Extension-adduction 
reflex (Dagnini) 

Percussion of dorsum of hand 
(radial) 

Slight adduction apd 
of wrist 

extension 

“Alendel-Bechterew 
of the hand” 

Percussion of dorsal aspect of car- 
pus and metacarpus (radial) 

Flexion of fingers 


“Rossolimo of the 
hand" 

Percussion of palmar aspect of 
metacarpophalangeal joint 

Flexion of fingers 


Hoffmann-T rdmncr 
sign 

Squeezing or snapping nail of 
middle finger (median) 

Flexion of thumb, sometimes of 
forefinger 

Gordon’s sign 

Compression of region of pisiform 
lione (ulnar) 

Extension of flexed fingers 

Chaddock's sign 

Pressure on tendon of palmaris 
longus muscle 

Flexion of wrist; extension of 
fingers 


Synkinesis of Up[>er Extremity in Cases of Pyramidal Lesions 


Name 

Stimulus 

Response 

Wartenberg’s sign 

Active flexion of fingers about a 
stick 

Flexion and opposition of thumb 

Sign of Klippel and 
Weil 

Passive extension of fingers (when 
there is some contracture in flexion) 

Fle.xion and opposition of thumb 

Souques’ sign of 
interosseus muscles 

Active elevation of extended arm 

Extension and abduction of 
fingers 

Strumpell’s sign 

Active flexion of elbow 

Pronation and flexion of hand 

Brachiobrachial 

synkinesis 

/ 

Extension of flexed elbow of normal 
side by examiner against patient’s 
resistance 

Flexion of elbow on paralyzed 
side 

Sterling’s sign 

Active adduction of shoulder on 
normal side against resistance bj’’ 
examiner 

Adduction of shoulder on 
paretic side 
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Special Senses 

The Catatonic Pupil. Alexander Levine and Paul Sciiilder, J. Ncrv. & Ment. Dis. 96:1 
(July) 1942. 

The catatonic pupil as described by Westplial is usually in middilatation, with a response to 
light varying from prompt contraction to absolute rigidity and changing from moment to 
moment. The size and equality of the pupils also vary. This type of pupil is a not infrequent 
finding in various types of psychiatric patients. 

Certain mechanical procedures may influence the state of the pupil. The Redlich phe- . 
nomenon is the production of pupillary rigidity due to strong muscular e.xertion in eiiileptic 
patients. In normal persons, as well as in patients with prcc.visting pujiillary anomalies, the 
use of active pressure causes dilatation and diminution of the light reflex. A similar effect can 
be produced by pressure on the iliac point. To stiuh' these phenomena, a series of patients 
were selected in whom the pupillary reactions were impaired by the local instillation of various 
eye drops. The Redlich phenomenon was present up to the point of complete abolition of the 
pupillary reflex with homatropine or physostigminc. With cocaine it continued to be apparent 
even with the maximum effect of the drug. No pupillary clTccts were observed with the local 
instillation of a 15 per cent solution of mccholyl chloride or of a 4 per cent solution of 
acetylcholine. 

The pupillary reactions were studied in a group of patients receiving nitrogen inhalation 
therapi^ for schizophrenia. It was noted that coincident with the occurrence of restless move- 
ments of the extremities, progressive dilatation of the pupils with lessened reaction to light 
appeared. It thus seems that the treatment situation brought about the semblance of a cata- 
tonic pupil. In those patients who exhibited this reaction before treatment, the disturbance was 
more pronounced after treatment. The authors conclude that the ano.xemic pupil resembles 
the catatonic pupil slightly, that in patients who have had previous anoxemic therapy the 
treatment situation may provoke pupillary changes similar to those observed in catatonic 
pupils, that the pretreatment situation may produce severe changes in iiaticnts with latent ten- 
dencies toward catatonic pupillarv reactions and that the catatonic pupillary changes and the 
effects of anoxetnia reenforce each other. 

Five patients who received erythroidine prior to mctrazol displayed pupillary variations in 
the pretreatnient stage. This drug itself produces such changes, and it is felt that the effect 
is additive. 

The authors believe that the pupillary changes described arc due to paralysis or inhibition 
of the parasj'mpathctic nervous system. The effect of active and passive pressure is to cause 
a concomitant contraction of the abdominal musculature, with increase of the intra-abdominal 
pressure. This stimulates the splanchnic nerves, with resultant inhibition of the parasympathetic 

CnoDOFF, Langley Field, Va. 


A Study of the Hemianoitas. L. Rosen, Confinia ncurol. 4:271, 1942. 

Rosen has made an analysis of the frequency, etiology and localization of the disease process 
in 97 cases of hemianopia. Injuries to the vascular system, namely, hemorrhage, thrombosis 
and embolism, were among the most frequent causes of lesions situated central to the chiasm. 
Tumors constituted the next most frequent cause, and syphilis came third. On the other hand, 
tumors were far more numerous in cases of the heteronymous hemianopias localized at the 
optic chiasm. In the group with vascular conditions by far the larger proportion of the patients 
were affected after the age of 40. About half the patients with chiasmal lesions were between 
the ages of 40 and 60 years. DeJong, Ann .Arbor, Mich. 
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BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 

H. Houston Merritt, M.D., Presiding 
Regular Meeting, Oct. 15, 1942 

Chronic Hypertensive Encephalopathy: A Clinicopathologic Report. Dr. Louis 
Goodman, Howard, R. I. 

Chronic hypertensive encephalopathy is a distinct clinical and pathologic entity. It belongs 
to the form of essential hypertension in which cerebral symptoms and pathologic processes may 
take precedence, or predominate, over cardiorenal changes. 

Six cases, with complete autopsy studies, are presented. Patients of both sexes were affected. 
The average span of life after the onset of symptoms was eleven and four-tenths years. One 
patient lived thirty-one years. The average s 3 'stolic blood pressure was 223 mm. of mercury, 
and the average diastolic pressure was 123 mm. No correlation could be established between 
blood pressure levels and duration of life. The average ages at onset and death were 40 and 
52.6 j’ears respectively'. The majority of patients did not become frankly psychotic until the 
late stage of their illness. !Many, however, exhibited transient mental symptoms and neurologic 
signs throughout the course of the disease. The development of frank and persistent psychosis 
seemed to be a bad prognostic omen as far as life was concerned. 

Analysis of the comparative degrees of vascular disease and associated parenchymal damage 
disclosed that in the majority of cases both vascular and parenchymatous lesions were more severe 
and extensive in the brain than in any of the other organs of the body. The cerebrovascular 
arterioles were especially affected by a variety of pathologic changes. These changes included : 
(1) advanced hyaline and fibrocellular arteriolosclerosis ; (2) arteriolar and capillary thrombosis, 
with occasional recanalization of the thrombus; (3) intramural and perivascular hemorrhage; 
(4) perivascular round cell infiltration ; (5) extensive fatty degeneration with aneurysmal 
dilatation of arteriolar walls, and, occasionally, (6) patchy hyalinized necrosis of the vascular 
walls. 

Cardiac hypertrophy was not commensurate with the duration and the severity of the hyper- 
tension. In this respect, chronic hypertensive encephalopathy differs from malignant hyper- 
tension and benign nephrosclerosis. This difference may be explained bj' the fact that the 
patient with the process under discussion experiences hypertensive episodes. The latter provoke 
cerebral manifestations, which bring the patient to the attention of the physician. In the 
intervals between attacks the blood pressure may not be greatly elevated. Consequently, the 
heart is not placed under constant hypertensive strain. This lability of blood pressure may also 
account for the unusual duration of life of many patients with this disease, who may have a 
history' of hypertension for many years. 

Whether the changes in the central nervous system precede those in the kidnej's and 
whether they have any bearing on the pathogenesis of hypertension are questions which are 
raised, but not answered, by the pathologic observations in some cases. The evidence indicates 
that if the kidneys are not primarily involved, irreversible arteriolar changes may develop later 
there and in other organs which may lead to a persistent state of hypertension. 

Examination of the endocrine organs, including the hypophysis, thyroid, adrenals and pancreas, 
failed to reveal any fundamental changes which could be linked causally with the hypertension. 

It is suggested that bilateral renal denervation in the early phases of the disease, when the 
blood pressure is labile, might prevent or delay the persistent hypertensive phase. Such an 
operative procedure would prolong the usefulness of the patient to his family and to the 
community, and sometimes might spare him from ending his days in a mental disease hospital. 

DISCUSSION 

Dr. Robert S. Palmer: Dr. Goodman’s well studied cases illustrate a primary fact I have 
noted in following a large number of patients with hypertension, namely, that in 4 out of 5 
the disease has a long course and that however severe it seems to be, most patients live to be 
at least 50 years of age. This is true of a little over 600 patients I have followed in the clinic 
and in private practice in the past ten years, not all of them for that length of time, but all 
for a considerable period. The exception lies in 10 per cent of patients who have severe 
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general arterial or arteriolar disease at a very early age. In his tliirties such a patient behaves 
like a person in his sixties (with coronarj' disease, diabetes, cerebral vascular disease, etc.). Some- 
thing like another 10 per cent of old patients with hypertension have a severe disease which 
is called “malignant hypertension,” characterized by a rapidly advancing process with extensive 
arteriolar spasm. These two groups of patients die young. The rest live to be 50 or more 
and die with various manifestations of senile vascular change in the head, heart or kidne 3 ’s. The 
senile changes, it is assumed, are hastened by intravascular pressure. 

The cerebral manifestations of patients with hypertension at different ages seem to fall into 
categories similar to the manifestations of peripheral vascular disease in the extremities. In 
old age shrinking of the corte.x and areas of softening (similar to arteriosclerotic disease of tlic 
e.xtrcmities) are present. In the middle j-ears there may be sclerosis and spasm (hypertensive 
crises and/or thromboses). In the forties and below a very different picture is apparent, one' of 
vasospastic nature, similar to vascular disease in the extremities of j'oung adults. My associates 
and I have had an opportunity of making extensive observations on a few such persons. For 
instance, a physician’s wife, in her early forties, had a history of severe headaches which had 
been growing in frequency and severity for five or six weeks. Her blood pressure had been 
normal until a year and a half prior to the onset of headache. The hypertcn.sion was of 
moderate degree, but three or four weeks previous to her consulting me a s 3 ’ndrome of increased 
intracranial pressure developed, with slowing of the pulse, a disorder of the respirator 3 ' rhythm, 
papilledema, exudate and hemorrhages in the fundi. Lumbar puncture at first consistently 
revealed a greatly increased initial pressure. Reduction in the pressure relieved the symptoms 
temporarily'. Finally, during a rapidly developing episode of apparent increase in intracranial 
pressure, the spinal fluid pressure not only was not increased but was even lower than normal. 
The pulse was slowed; the patient was semiconscious; the breathing was irregular. The diag- 
nosis of a probable pressure cone was made, and cerebral decompression was done. The 
operator stated that there was an excess of fluid and bulging of the brain substance. In our 
minds there was no doubt that the decompression was a life-saving procedure, and one which 
gave place to definite clinical improvement. This operation was followed by lumbodorsal 
sympathectomy, carried out according to the technic of Smithwick, and the patient was dis- 
charged to return home with a blood pressure within normal limits, although the diastolic 
pressure remained slightly high. We have had 6 or 8 patients with similar conditions, some of 
whom had a decompression and subsequent sympathectomy which we think was life saving. 
Patients who had no operative treatment died. Autopsy revealed no recognizable lesion of 
the brain. We suspect that there may' be a compensatory spasm of the cerebral vessels in 
younger patients with malignant hypertension, which results in cerebral ischemia and cerebral 
edema, with consequent increased intracranial pressure. Patients who do not have such a 
degree of increase in the intracranial pressure may have papilledema, which comes and goes 
under observation. The vessels of the fundi arc always greatly constricted. Exudate and 
hemorrhages may or may not be present. In a few, about 40 per cent, of patients with, as we 
believe, true malignant hypertension, we seemingly obtained excellent results with sympa- 
thectomy performed before there was cardiac injury or real, irreversible damage to the kidneys. 
In these patients the papilledema entirely' disappeared, as did the arteriolar spasm and the 
exudate and hemorrhages. Some of these patients we have observed for over three years 
since operation. 

In my opinion, “hypertensive encephalopathy'” refers to the disease in young adults with 
what appears to be spasm of the cerebral vessels, to tbe condition of y'oung patients with 
extensive, precocious arteriolosclcrosis and to the extensive arteriosclerosis of the older patients. 
One wonders what causes the cerebral ischemia and whether as a result of lowering of the 
general blood pressure by sympathectomy, there is relaxation of the retinal vessels, and possibly 
of the cerebral vessels. We believe that in patients with malignant hypertension papilledema 
and cerebral edema may result from a protective reflex vascular spasm in the retina and cortex, 
and that when sympathectomy is successful in lowering the general hypertension this vascular 
spasm is reduced. The physiologic, pulsatile blood flow returns, and tbe edema, exudate and 
minute hemorrhages are absorbed. This concept is highly theoretic at the moment, but it offers 
an explanation of the extraordinary improvement following reduction of the blood pressure in 
certain cases in which ordinarily one would expect the disease to advance rapidly to a fatal 
conclusion. 

Dr. H. Houston Merritt: This clinical picture has always been a puzzle to me. There 
must be massive cerebral edema. 

Dr. Charles S. Kubik: There does not seem to be any agreement as to what constitutes 
hypertensive encephalopathy. The changes in most of Dr. Goodman’s cases were those of 
arteriosclerosis and arteriolosclerosis. Such changes are likely to be noted when hypertension 
has existed for a number of years and are almost sure to be present when there have been 
cerebral symptoms. The small arteries and arterioles within the substance of the brain have 
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tliickencd, clogcncratod walls and small lumens, often occluded by concentric narrowing and 
thrombosis. There may be no large infarct, but numerous small foci of infarction and incomplete 
degeneration may be noted. The terminal event may be a large infarct or a massive hemorrhage. 

It is easy to understand why there should have been cerebral symptoms in the cases described 
by Dr. Goodman, whatever the cause of the arterial and arteriolar disease may have been. 
But in the group of young adults with hypertension, mentioned by Dr. Palmer, the cause of 
the symptoms is not clear. Sometimes there is unconsciousness or stupor, without focal signs 
or increased intracranial pressure ; it is thought that uremia can be ruled out. Patients in such 
a state may regain consciousness and live many months. 

What is going on in a condition of this kind? The pathologist cannot say; so the clinician 
is told that it is vascular spasm, hut many arc not satisfied to make such an assumption on the 
basis of negative findings. It is possible that more thorough pathologic examination might 
reveal something, though I think that clinical studies are more likely to provide leads. 

I was interested in Dr. Goodman's reference to aneurysm. I have never seen what I should 
be willing to call an aneurysm of an intracerebral artery. 

Dr. Louis Goon.M.\x. Howard. R. 1.: I believe that hypertensive encephalopathy is a form 
of essential hypertension occurring in young or middle-aged persons characterized by cerebral, 
rather than by renal, symptoms and pathologic changes. 

I share the feeling e.xpressed by Dr. Merritt that the term chronic hypertensive encepha- 
lopathy is unsatisfactory, hut I do not know of anj' other which adequately describes a condition 
that differs both clinically and anatomically from other tj'pes of hypertension. I should like to 
emphasize again the relatively small hearts observed in jiatients with this disease despite a pro- 
longed history of hypertension. In so-called benign nephrosclerosis, in which hypertension may 
be present for a number of years, pronounced cardiac hypertrophy is outstanding. The longevity 
in cases of chronic hypertensive encephalopathy distinguishes this condition from malignant 
nephrosclerosis. 

I agree with Dr. Palmer as to the role of cerebral vasospasm in the production of cerebral 
lesions and symptoms. One encounters considerable histologic evidence to support the impres- 
sion that vasospasm is associated with this disease. Almost always one may observe vessels 
with intramural hemorrhages, associated sometime with thromboses in the region overlying the 
hemorrhage. In a case of myocardial infarction microscopic preparations disclosed only 
partial occlusion of the lumen of one of the coronary arteries by a thrombus superimposed on 
an area of intramural hemorrhage. I believe that repeated attacks of cerebral vasospasm, with 
perivascular softenings and edema, establish the basis for the essential pathologic picture that 
develops later and account also for the prolonged clinical course of the disease. 

In this connection, I should like to mention a man, aged 31, with hypertension, who is now 
under observation in the hospital with which I am associated. This patient had a severe 
cerebrovascular insult, which left him with right hemiplegia, aphasia and mental symptoms. 
All these -manifestations charactcrisically receded spontaneously and fairly rapidly. Studies 
revealed that when he was under emotional stress his blood pressure showed a striking lability 
of both the systolic and the diastolic pressure. When he was at rest his blood pressure was 
only slightly elcA^ated. This observation has been duplicated in similar cases. We believe that 
this lability is frequent in persons with this form of h}'pertension and that it may explain 
the slight cardiac hypertrophy and the patient’s survival through many years of hypertension. 

I have stressed arteriolosclerotic changes in this disease because they are more important 
than lesions in the larger arteries. One sees advanced cerebral arteriosclerosis in elderly 
patients without corresponding degrees of parenchymal damage. This^ is not true, however, 
of sclerotic changes in the arterioles of the brain. 

Aneurysm may be demonstrated in benzidine and in sudan III preparations in cases in 
which severe fatty degeneration of the vascular wall predisposes to dilatation and hemorrhage. 

Control of Clonic Responses of the Cerebral Cortex. Dr. Arturo Rosenblueth. 

In rhesus monkeys, under anesthesia induced with chloralose (a compound of chloral hydrate 
and dextrose), electrical stimuli of appropriate intensity, frequency and duration elicit self- 
sustained responses in any region of the cerebral cortex. These responses may be recorded 
electrically. They exhibit several phases, with decreasing rates of cortical discharge. The 
last phase has a frequency similar to that of the muscular contractions in the clonic state of 
experimental epilepsy; it may, accordingingly, be designated as “cortical clonus.” 

Rosenblueth, Bond and Cannon (Am. J. Physiol. 137:681, 1942) observed- that stimuli with 
an adequate slow frequency applied to an appropriate cortical area can control the rate of the 
self-sustained cortical clonus of that region. These stimuli can also prolong the response beyond 
|ts intrinsic duration. The expression “controlled cortical clonus” is used to designate the 
activity produced by these stimuli. 
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general arterial or arteriolar disease at a very early age. In liis thirties such a patient behaves 
like a person in his sixties (with coronary disease, diabetes, cerebral vascular disease, etc.). Some- 
thing like another 10 per cent of old patients with hypertension liavc a severe disease which 
is called “malignant hypertension,” characterized by a rapidly advancing process with extensive 
arteriolar spasm. These two groups of patients die j'oung. The rest live to be 50 or more 
and die with various manifestations of senile vascular change in the head, heart or kidneys. The 
senile changes, it is assumed, are hastened by intravascular pressure. 

The cerebral manifestations of patients with hypertension at dilTerent ages seem to fall into 
categories similar to the manifestations of peripheral vascular disease in the extremities. In 
old age shrinking of the cortex and areas of softening (similar to arteriosclerotic disease of the 
extremities) are present. In the middle years there may be sclerosis and spasm (hypertensive 
crises and/or thromboses). In the forties and below a very different picture is apparent, one' of 
vasospastic nature, similar to vascular disease in the extremities of young adults. My associates 
and I have had an opportunity of making e.xtcnsivc observations on a few such persons. For 
instance, a physician’s wife, in her early forties, had a history of severe headaches which had 
been growing in frequency and severity for five or six weeks. Her blood pressure had been 
normal until a year and a half prior to the onset of headache. The hypertension was of 
moderate degree, but three or four weeks previous to her consulting me a syndrome of increased 
intracranial pressure developed, with slowing of the pulse, a disorder of the respiratorj- rhythm, 
papilledema, exudate and hemorrhages in the fundi. Lumbar puncture at first consistently 
revealed a greatly increased initial pressure. Reduction in tbe pressure relieved the symptoms 
temporarily. Finally, during a rapidly developing episode of apparent increase in intracranial 
pressure, the spinal fluid pressure not only was not increased but was even lower than normal. 
The pulse was slowed; tlic patient was semiconscious; the breathing was irregular. The diag- 
nosis of a probable pressure cone was made, and cerebral decompression was done. The 
operator stated that there was an excess of fluid and bulging of the brain substance. In our 
minds there was no doubt that the decompression was a life-saving procedure, and one which 
gave place to definite clinical improvement. This operation was followed by lumbodorsal 
sympathectomy, carried out according to the technic of Smithwick, and the i)aticnt was dis- 
charged to return home with a blood pressure within normal limits, altliough the diastolic 
pressure remained slightly high. We have had 6 or 8 patients witli similar conditions, some of 
whom had a decompression and subseciuent sympathectomy which we think was life saving. 
Patients who had no operative treatment died. Autopsy revealed no recognizable lesion of 
the brain. We suspect that there may be a compensatory spasm of tbe cerebral vessels in 
younger patients with malignant hypertension, which results in cerebral ischemia and cerebral 
edema, with consequent increased intracranial pressure. Patients who do not have such a 
degree of increase in the intracranial pressure may have papilledema, which comes and goes 
under observation. The vessels of the fundi arc always greatly constricted. Exudate and 
hemorrhages may or may not be present. In a few, about 40 per cent, of patients with, as we 
believe, true malignant hypertension, we seemingly obtained excellent results with sympa- 
thectomy performed before tbcrc was cardiac injury or real, irreversible damage to the kidneys. 
In these patients the papilledema entirely disappeared, as did the arteriolar spasm and the 
exudate and hemorrhages. Some of these patients we have observed for over three years 
since operation. 

In my opinion, “hypertensive encephalopathy” refers to the disease in young adults with 
what appears to be spasm of the cerebral vessels, to the condition of young patients with 
extensive, precocious arteriolosclerosis and to the extensive arteriosclerosis of the older patients. 
One wonders what causes the cerebral ischemia and whether as a result of lowering of the 
general blood pressure by sympathectomy, there is relaxation of the retinal vessels, and possibly 
of the cerebral vessels. We believe that in patients with malignant hypertension papilledema 
and cerebral edema may result from a protective reflex vascular spasm in tbe retina and cortex, 
and that when sympathectomy is successful in lowering the general hypertension this vascular 
spasm is reduced. The physiologic, pulsatile blood flow returns, and tbe edema, exudate and 
minute hemorrhages are absorbed. This concept is highly theoretic at the moment, but it offers 
an explanation of the extraordinary improvement following reduction of the blood pressure in 
certain cases in which ordinarily one would expect the disease to advance rapidly to a fatal 
conclusion. 

Dr. H. Houston Merritt; This clinical picture has always been a puzzle to me. There 
must be massive cerebral edema. 

Dr. Charles S. Kubik: There does not seem to be any agreement as to what constitutes 
hypertensive encephalopathy. The changes in most of Dr. Goodman’s cases were those of 
arteriosclerosis and arteriolosclerosis. Such changes are likely to be noted when hypertension 
has existed for a number of years and are almost sure to be present when there have been 
cerebral symptoms. The small arteries and arterioles within the substance of the brain have 
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thickened, degenerated walls and small lumens, often occluded by concentric narrowing and 
thrombosis. There may be no large infarct, but numerous small foci of infarction and incomplete 
degeneration may be noted. The terminal event maj’- be a large infarct or a massive hemorrhage. 

It is easy to understand why there should have been cerebral symptoms in the cases described 
by Dr. Goodman, whatever the cause of the arterial and arteriolar disease may have been. 
But in the group of young adults with hypertension, mentioned by Dr. Palmer, the cause of 
the symptoms is not clear. Sometimes there is unconsciousness or stupor, without focal signs 
or increased intracranial pressure ; it is thought that uremia can be ruled out. Patients in such 
a state may regain consciousness and live many months. 

\\’hat is going on in a condition of this kind? The pathologist cannot say; so the clinician 
is told that it is vascular spasm, but many arc not satisfied to make such an assumption on the 
basis of negative findings. It is possible that more thorough pathologic examination might 
reveal something, though I think that clinical studies arc more likely to provide leads. 

I was interested in Dr. Goodman's reference to aneurysm. I have never seen what I should 
be willing to call an aneurysm of an intracerebral artery. 

Dr. Louis Goodmax, Howard, R. I. : I believe that hypertensive encephalopathy is a form 
of essential hypertension occurring in young or middle-aged persons characterized by cerebral, 
rather than by renal, syiPptoms and pathologic changes. 

I share the feeling expressed by Dr. Merritt that the term chronic hypertensive encepha- 
lopathy is unsatisfactory, but I do not know of an}' other which adequately describes a condition 
that differs both clinically and anatomically from other types of hypertension. I should like to 
emphasize again the relatively small hearts observed in patients with this disease despite a pro- 
longed history of hypertension. In so-called benign nephrosclerosis, in which hypertension may 
be present for a number of years, pronounced cardiac hypertrophy is outstanding. The longevity 
in cases of chronic hypertensive encephalopathy distinguishes this condition from malignant 
nephrosclerosis. 

I agree with Dr. Palmer as to the role of cerebral vasospasm in the production of cerebral 
lesions and symptoms. One encounters considerable histologic evidence to support the impres- 
sion that vasosiiasm is associated with this disease. Almost always one may observe vessels 
with intramural hemorrhages, associated sometime with thromboses in the region overlying the 
hemorrhage. In a case of myocardial infarction microscopic preparations disclosed only 
partial occlusion of the lumen of one of the coronary arteries by a thrombus superimposed on 
an area of intramural hemorrhage. I believe that repeated attacks of cerebral vasospasm, with 
perivascular softenings and edema, establish the basis for the essential pathologic picture that 
develops later and account also for the prolonged clinical course of the disease. 

In this connection, I should like to mention a man, aged 31, with hypertension, who is now 
under observation in the hospital with which I am associated. This patient had a severe 
cerebrovascular insult, which left him with right hemiplegia, aphasia and mental symptoms. 
All these -manifestations characterisically receded spontaneously and fairly rapidly. Studies 
revealed that when he was under emotional stress his blood pressure showed a striking lability 
of both the S 3 'stolic and the diastolic pressure. When he was at rest his blood pressure was 
only slightly elevated. This observation has been duplicated in similar cases. We believe that 
this lability is frequent in persons with this form of hypertension and that it may explain 
the slight cardiac hypertrophy and the patient’s survival through many years of hypertension. 

I have stressed arteriolosclerotic changes in this disease because they are more important 
than lesions in the larger arteries. One sees advanced cerebral arteriosclerosis in elderly 
patients without corresponding degrees of parenchymal damage. This is not true, however, 
of sclerotic changes in the arterioles of the brain. 

Aneurysm may be demonstrated in benzidine and in sudan III preparations in cases in 
which severe fatty degeneration of the vascular wall predisposes to dilatation and hemorrhage. 

Control o£ Clonic Responses o£ the Cerebral Cortex. Dr. Arturo Rosenblueth. 

In rhesus monkeys, under anesthesia induced with chloralose (a compound of chloral hydrate 
und dextrose), electrical stimuli of appropriate intensity, frequency and duration elicit self- 
sustained responses in any region of the cerebral cortex. These responses may be recorded 
electrically. They exhibit several phases, with decreasing rates of cortical discharge. The 
last phase has a frequency similar to that of the muscular contractions in the clonic state of 
experimental epilepsy ; it may, accordingingly, be designated as “cortical clonus.” 

Rosenblueth, Bond and Cannon {Am. J. Physiol. 137:681, 1942) observed- that stimuli with 
an adequate slow frequency applied to an appropriate cortical area can control the rate of the 
self-sustained cortical clonus of that region. These stimuli can also prolong the response beyond 
Its intrinsic duration. The expression “controlled cortical clonus” is used to designate the 
activity produced by these stimuli. 
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The controlling relationships between clifTcrcnt cortical areas may be siinimarizcd as follows: 
(a) There are pairs of areas with mutual, two way control ; i. e., stimulation of cither can control 
the clonic activity of the other, {b) There are pairs of areas which exhibit only one way control, 
(c) There are pairs of areas with no mutual controlling relationship. (</) It is possible to set 
up second, or higher, order controls, and thereby link areas whicli arc not directly coupled ; i. e., 
if area « controls area J3 and area P controls area 7, and area « docs not control area 7 directly, 
area a niay control area 7 via area p if both area P and area 7 arc activated simultaneously. 

(c) If electrical stimulation of one area controls the clonic activity of another, the self-sustained 
clonic discharge in the first will also control the discharges in the second. (/) It is possible to 
set up simultaneous, independent, self-sustained responses in areas of the type described in r. 

From the results of sections of the gray matter, it is concluded that there are specific, long, 
subcortical functional pathways that link certain areas with several others. These pathways 
differ from those involved in the spread of self-sustained activity in the corte.x. 

The data lead to the following additional inferences, (u) The stimulation of a given area 
that initiates a self-sustained response builds up a prolonged state of enduring excitation in 
some cells of that area ; this excitation evokes the clonic bursts during the response. (6) The 
excitation subsides gradually, as indicated by the progressively decreasing frequency of the 
spontaneous bursts, (c) The discharges cease when the excitation drops below a critical level. 

(d) There still remains, however, enough background e.xcitation so that impulses from another 
area may trip further clonic bursts, (c) The end of the driven bursts indicates furtlier wane 
of excitation below a second critical level. (/) Each clonic burst increases the background 
excitation both in the discharge area and in similar elements in other areas, (g) A self-sustained 
response which has spread to many areas will endure throughout as long as one of the active 
regions has enough background excitation for clonic activity and can control the others directly 
or indirectly, but the response will suddenl}' stoj) everywhere when excitation drops below the 
critical level in the last controlling area. 

DISCUSSION- 

Dr. G. Lexxox : This paper impresses me as an important contribution to an 

understanding of how the brain works. Dr. Rosenblucth has given his data, and I have no 
criticism of his conclusions. I wonder whether these observations might be applied to abnormal 
cerebral disturbances in man. For example, might one stimulate the brain in an appropriate 
place and neutralize the abnormal discharge which leads to a seizure? If the rate can be 
altered, perhaps the grand mal seizure could be changed to the petit mal type. Treatment of 
epilepsy with electric shock is being used in various clinics. Patients themselves have found 
that a sensory stimulus may inhibit a focal fit. A patient of Galen’s teacher demonstrated that 
he could abort his jacksonian seizures by squeezing the part where the seizure began. Sensory 
stimulation must be in close pro.ximity to the place from which the motor convulsion is 
originating. But in other types of seizures apparently other types of stimuli will act. Dr. and 
Mrs. Gibbs have often demonstrated that certain seizure discharges of the cortex can be 
modified by cerebral activity. These discharges must have a neurologic explanation, such 
as Dr. Rosenblueth gave in his animal experiments. Has Dr. Rosenblucth made any micro- 
scopic examination of stimulated tissues to see whether the nerve cells were damaged by the 
repeated stimuli? 

Dr. John Adams Abbott: To a person who has been concerned only with clinical electro- 
encephalography, one of the most interesting features of this paper is its scientifically satis- 
factory confirmation of something that one apparently secs in clinical elcctrocncephalographic 
work but about which, one can only conjecture, without scientific tests. I refer to the dis- 
turbances of cortical activity which arc apparently caused by lesions remote from the part of 
the cortex at which the disturbance is observed. 

Clinically one sees this most strikingly with unilateral lesions of the temporal lobe. In such 
a condition the stronger disturbance may occur on the side of the lesion, while a minor dis- 
turbance is apparent at a symmetrically opposite point on the other side of the head. It is 
supposed that the minor disturbance is a secondary focus due to nerve impulses from the 
primary focus at the site of the lesion. Dr. Roscnblueth’s work seems to justify this suppo- 
sition. Lemere published a clinical paper which is based on this theory, but in which the 
reported observations are almost too good to be convincing. It is a pleasure to the clinician 
when the physiologist produces such brilliant evidence of processes that for him must be largely 
a matter of conjecture. 

Dr. Arturo Rosenblueth ; Good tonic-clonic responses may be obtained from any part 
of the brain. I have had no experience with animals under ether anesthesia. McCulloch tells 
me the same thing is true for dial as for chloralose anesthesia. Monkeys are susceptible to 
anesthetics. The dose of chloralose a monkey requires is much smaller than that a cat or a 
dog requires. Perhaps this is the reason that it is difficult to get the right dose of ether. 
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I have not made any microscopic examinations, but I have worked for many hours on the 
same animal. The monkeys give the same responses at 11 o’clock at night that they do at 
9 o’clock in the morning. I do not believe any damage is done to the cortex. 

I did not comment on the fact that clonus can also be controlled by stimulation of the sciatic 
nerves. The stimulation will drive the clonic responses in several areas, i. e., areas 1, 4, 7 and 9 
in each hemisphere, into the arm, leg and face divisions of corresponding areas; that does not 
appear to be the counterpart of the clinical observation. All I could do by means of electrical 
stimuli was to increase preexisting responses, never to diminish these responses. 


H. Houston Merritt, M.D., Presidittg 
Regular Meeting, Nov. 19, 1942 
Psychiatry in War. Dr. Emilio Mira. 

War can be considered as a period of existence in which groups and individuals must 
learn to live under new and difficult conditions, no matter who they are or where they are. 
This new mode of living breaks established habits, affections and beliefs and requires rapid 
adjustment to a new code of social duties and relations. 

In time of peace, even under the more tyrannical regimes, a certain amount of privacy, 
initiative and freedom is permitted to the citizens. In time of war all that is not prohibited 
tends to become obligatory; thus there is a progressive absorption of the individual by the 
war machinery. Consequently, the individual loses all possibility of forecasting or planning 
his future and feels himself plunged into a dangerous, difficult, puzzling present. 

During war psychiatry must take care to avoid as much as possible the evil results of 
such a tremendous change and must profit from its knowledge of the imperfections of the 
human mind in order to prevent failures in the application of human energies, especially of 
the thinking processes of those who carry the heavy responsibilities of planning and con- 
ducting the war strategy. Psychiatrists must not and cannot wait until mental trouble 
becomes apparent and evident, but must prevent it by a close and permanent collaboration 
with psychologists and selecting officers. This will lead not merely to getting “the right man 
in the right place,’’ but — much more important — ^to getting “the right task in every place and 
at every moment for every man.” 

The recent Spanish civil war was rich in experience which showed that it is convenient 
for the trained ps 3 '^chiatrist to watch and control the overstrained chiefs and commanders, 
just as the medical expert on aerial medicine takes care of the state of his pilots, thus pre- 
venting errors and accidents. It is much more important to get a rest for an exhausted chief 
of the general staff than to select accurately a hundred soldiers. Military men are too proud 
of their duties to reveal that they are feeling overworked or exhausted. On the other hand, 
the removal of a military chief may have a bad effect on the morale and the organization 
of the sector under his command, unless it can be properly justified by a technical expert. 
Hence, objective tests are badly needed in order to detect, not the interests or the aptitude 
of any given man, but rather his mental fitness at a given moment, i. e., how he will use 
his mental power at that moment. I have been successful in creating certain tests, based 
directly on performance. Of them, I prefer the myokinetic psychodiagnosis test, which is 
able to detect the state of the basic attitudes of reaction of the subject within ten minutes. 
This test can easily be employed in the field and can be recommended to military psychiatrists 
working under emergency, as they almost always do. The technic and results of the myo- 
kinetic ps 3 'chodiagnosis test will be fully described in the published volume of the Salmon 
Lectures of this year, but it can be outlined, in its simplest form, as consisting of a pencil 
test which permits the evaluation of the amount and direction of involuntary shiftings of the 
subject’s hands when trying to perform small oscillatory movements in the fundamental 
directions of space. In right-handed subjects the right side of the body is more expressive 
' of the actual state of the cerebral activities than the left side, which is, in its turn, more 
expressive of the constitutional trends. This is reversed, of course, in left-handed subjects. 
Hence, the comparison between the results obtained on the two sides is illuminating in 
detecting the relative amounts of genotypical and paratypical leads which determine a given 
mental abnormality. Careful observations made on previously selected groups of professional 
people of psychotic and ps 3 'chopathic personalities and of delinquents have confirmed the 
practical value of this new technic, which is now being standardized. 
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With respect to the organization of psychiatric services on the battle front, my experience 
is in favor of the creation of psychiatric clinics in the rear zone of each army (in the ratio 
of one bed per thousand soldiers served) plus a small number of mobile psychiatric emer- 
gency centers, so-called prefrontal centers because they are to be located no more than 15 
or 20 miles (24 or 32 kilometers) behind the firing line. These centers are dependent on 
the corresponding psychiatric clinics but are attached to the campaign hospital, at the clear- 
ing center of the evacuating lines of each military sector. These emergency centers get not 
only the psychiatric casualties of the advanced zone, but those of the intermediate zone (i. e., 
the zone between them and the psychiatric clinic) ; this gives many subj ects the surprise 
of being removed ahead, instead of being evacuated backward, when complaining of psychi- 
atric disturbances. 


CHICAGO NEUROLOGICAL SOCIETY 
Arthur Weil, M.D., President^ in the Chair 
Regular Meeting, Nov. 19, 1942 

Psychoneuroses of War. Dr. Lewis J. Pollock. 

The severe environmental changes to which man is subjected in war, namely, fatigue, 
loss of sleep, hunger, thirst, fear and other emotions and concussion, were not in themselves 
associated with the development of psychoneurosis during the time in which these changes 
occurred. In some instances, after the disappearance of one or more of them, a psycho- 
neurosis developed. The symptoms of the psychoneuroses, except for the form following 
concussion, were similar irrespective of where the disturbance developed or what the pre- 
ceding environmental change had been. Preoccupation with psychologic mechanisms has led 
to neglect of careful study and recording of physical changes. To understand fully the patho- 
genesis of the psychoneuroses of battle as compared with that of other types, it will be 
necessary to study more carefully the physiologic responses of man to the various severe 
environmental changes. 

DISCUSSION 

Dr. Lloyd A. Ziegler; Conditions of war include the quick changes of pressure in blast, 
the heat of the desert or jungle, the cold of high altitudes and long and arduous work under 
difficult conditions, to say nothing of the enemy. Stresses of the battlefield are great, and, 
if they become great enough, nearly every one will break down sooner or later. Persons 
are conditioned differently with respect to stresses; what will break one will not break 
another. Predisposition is a definite factor, as Gillespie pointed out from his experience with 
the bombings in England. 

The chief psychoneuroses are hysteria or substitution disorders that are based on mimicry, 
such as chameleons and butterflies display. Hysteria is really a misnomer, as is neurasthenia. 
Invalidism, or the irritable weakness syndrome, centers around an energy defect in a person 
goaded by ambition. Psychasthenia is also a misnomer. Compulsive-obsessive neurosis is a 
better name for the disorder, which is a repetitive and uncontrolled series of automatic acts 
to relieve obsessive feelings. The anxiety psychoneurosis is one of pathologic self defen- 
siveness, and is the form most likely to appear on the battlefield. The patient has a rapid 
pulse, perspires and is inclined to get panicky. The disorder is often mistaken for to.xic 
goiter. Hypochondriacal disorder is a misnomer, too. It implies a location under the cartilages, 
but the distress does appear elsewhere. Persons with such a disorder are . nearly psychotic ; 
they believe unusual things about their distresses and show other disintegrative features. Post- 
traumatic, or postconcussion, neurosis is apparently a misnomer, too, but this state — perhaps 
chiefly an affective disorder — may occur on the battlefield in the predisposed. 

Whether a patient is psychoneurotic or psychotic is merely an academic question. Psycho- 
neurotic persons may become psychotic and may have as well any disease that others ha>^«.' 
The internist and the surgeon arrive at a diagnosis of psychoneurosis often through 
absence of physical disease. The psychiatrist has a definite syndrome in mind, which repre- 
sents a disorder of human nature already briefly sketched. 

Dr. Pollock has, wisely in these times, stressed the types of psychoneurosis most likely 
to appear in battle. 

Dr. Lewis J. Pollock; I am much interested in the correlation of stresses and effect; 

I do not think one can evaluate the degree of stress by what one observes. It is striking. 


SOCIETy TRANSACTIONS 


925 


for example, to note the disappearance in England of even the expected cases of neurosis 
among the civilian population because of the responsibilities imposed by bombing. I think 
most here heard Dr. Gillespie discuss this phase. 

Etiologic Factors in the Adjustment o£ Men in the Armed Forces. Major D. 

Louis Steixberg, Aledical Corps, Army of the United States, and Dr. Mary Phyllis 

WiTTMAH, Elgin, 111. 

The paper presents the results of a differential study of the sociologic, developmental, 
personality and adjustment characteristics of (1) 158 men attached to the medical corps unit 
at Chanute Field, Rantoul, 111. ; (2) 22 patients in the psychiatric unit at Chanute Field, 
and (3) 87 patients in the veterans’ unit at Elgin State Hospital, discharged from the army 
within the past eighteen months as mentally ill. 

The results of the study apparently corroborate points previously described in the litera- 
ture. Certain facts are established. 

. 1. The results reported are those of a controlled experimental project. Thus, the prog- 
nostic significance of certain factors with respect to selectee adjustment in the armed forces 
is substantiated. 

2. Certain standardized and objective psj’^chologic technics for investigation of various 
personalit}’- factors are of both diagnostic and prognostic significance in evaluation of the 
etiologic factors associated with a prospective soldier’s adjustment to military life. 

Thus study, and the analysis of results, suggest certain points pertinent to present selec- 
tion at induction and classification centers, as well as to possibilities for future research. 

Psychologic technics (in addition to measures of intelligence) would be of value as part 
of the psychologist’s armamentarium at induction centers in weeding out selectees in need of 
intensive psychiatric study, in order to determine their fitness for army service. Persons 
representing extremes of behavior maladjustment would be screened out. 

We suggest the need of a rating scale by which the patient maj’- be referred to the neuro- 
psychiatric unit. Knowledge of the patient’s reaction to the camp situation, to his fellow 
soldiers and officers and to the discipline of camp life and enforced contact with many other 
men would be an invaluable aid to psychiatric study prior to the patient’s induction into the 
hospital. Some idea of how and with whom the patient spent his leisure time in camp and 
how he was treated by his fellows, together with a description of the onset of his difficulties 
and the behavior that led to his referral to the neuropsychiatric unit, is important for the 
proper understanding, treatment and ultimate disposal of the patient. In addition to valuable 
insight into the dynamic mechanisms in the individual case, which it is at present difficult 
or impossible to obtain, this rating scale could be used in follow-up studies, as outlined in 
the paper. 

DISCUSSION 

Dr. Phyllis Wittman, Elgin, 111.: We regret that for the purpose of oral presenta- 
tion we had to omit from our paper the orientation (discussion of previous studies in this 
field), as well as the detailed analysis of our results. We considered our observations par- 
ticularlj’- significant because the study was controlled; that is, we are able to say definitely 
that certain traits and developmental characteristics are associated with the selectee who 
IS unable to make a satisfactory adjustment at camp, for these traits significantlj" differen- 
tiate the maladjusted from the well adjusted control group. 

We hope to continue our project b}' studying a group of guardhouse prisoners, to find 
whether the ps 3 'chopathic personality, as well as the psychoneurotic selectee, can be differ- 
entiated from the well adjusting controls. 

Dr. W. S. McCulloch : Conditions in barracks are like peace conditions. Fighting 
IS another story. My recollection of the last war may be illustrated bj'^ 2 instances. A man 
who came back from France with probably the greatest number of medals suffered from the 
most severe form of hj'steria that I have ever seen. Again, an officer who was beloved in 
the Navy, and was known as “the old lady” was about as neurotic a person as one could 
find, but he has subsequently distinguished himself. I have often wondered whether in 
^^gregating persons with neuroses one may not be eliminating man}' men who might be 
good 'material under conditions of hazard. 

Major D. Louis Steinberg: Of course there are certain persons who succeed in spite 
of the apparent -predominance of personality characteristics that, on the surface, augur for 
poor adjustment, but it is possible that closer studies of these persons would show other 
characteristics which counterbalance their undesirable traits and explain their apparent suc- 
cess. Our point is that certain persons are not able to adjust in camp life; it would be of 
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benefit both to the government and to society if a method could be devised for detecting 
and sifting out these men before they are inducted into service. Even though occasionally 
one might remove one or two men who might have made good, I believe the error would 
still be in the other direction and that all those unfit for military service would still not be 
discovered immediately; however, by the use of such inventory scales as we have presented, 
a major number of misfits would, I think, be caught prior to their induction into the 
service. 

An Unusual Complication of the Intraspinal Use of Iodized Poppyseed Oil. Dr. 

Paul C. Bucy and Dr. Irving J. Speigel. 

A man aged 36 suffered from spondylolisthesis, for which fusion of the lumbosacral por- 
tion of the spine had been effected in April 1937. In March 1938, because of the develop- 
ment of sciatica on the left side, iodized poppyseed oil was injected intraspinally. Fluoroscopic 
examination revealed that some of the oil had lodged at the level of the eighth thoracic 
vertebra and had remained there. Late in 1941 there developed progressive symptoms of 
involvement of the spinal cord at that level. Lumbar puncture in February 1942 showed 
almost complete spinal block. At operation, on March 10, 1942, two collections of encysted 
iodized poppyseed oil in the subarachnoid space and a greatly thickened arachnoid membrane 
were observed and removed. Within a few weeks the patient made a nearly complete 
recovery. 

From a study of the case the following conclusions were reached: 1. The patient suf- 
fered from localized adhesive arachnoiditis at the level of the eighth thoracic vertebra prior 
to injection of the iodized poppyseed oil. 2. This arachnoiditis caught and held some of the 
oil, which, in turn, stimulated fibroblastic proliferation in the Icptomeninx, thus increasing 
the arachnoiditis and resulting in dysfuncton of the spinal, cord. 3. Although the intraspinal 
injection of iodized poppyseed oil is ordinarily an innocuous procedure, the existence of a 
lesion which retains the oil in contact with the spnal cord may ultmately result in undesir- 
able changes in the cord. 

DISCUSSION 

Dr. a. Earl Walker; This paper raises the interesting question of the late complica- 
tions of intrathecal injection of iodized poppyseed oil. It is true that serious results have 
been reported, but these effects have occurred within a few days of injection. It has been 
stressed that the reaction is more severe in the presence of arachnoiditis. In the ordinary 
case iodized poppyseed oil gives rise to little reaction. In the present case one wonders 
what role the previous lesion played in the appearance of symptoms from two to two and 
a half years after the injection of the iodized poppyseed oil. That seems rather a long time 
for arachnoiditis, if due to the presence of the iodized oil, to make its appearance. The 
ordinary reaction to iodized poppyseed oil usually occurs within a few months. 

Dr. Percival Bailey : I am not convinced that the iodized poppyseed oil had anything 
essential to do with the symptoms. Certainly, the rapidity of recovery after operation could 
not be considered as evidence. I have seen just as rapid subsidence of symptoms when 
iodized oil had not been injected. The arachnoiditis recurred within a few months, and I 
should be interested in knowing whether it recurred in this case. 

Dr. Irving J. Speigel: At present the patient is almost completely recovered. We 
appreciate the possibility of a recurrence of his previous symptoms, and with that in view 
we are watching his progress carefully. 


MICHIGAN SOCIETY OF NEUROLOGY AND PSYCHIATRY 

John M. Dorsey, M.D., President, in the Chair 
Regular Meeting, Nov. 12, 1942 

Bilateral Ageusia Associated with Unilateral Bell’s Palsy. Dr. Gerald O. Grain, 
Detroit. 

For several years, in examining patients with facial palsy of peripheral type, I have 
observed that the sense of taste was impaired not only on the affected side, but on the sup- 
posedly good side. This observation has been made so frequently that it has become to me 
a matter for surprise to find normal gustatory sense on the contralateral side in any case in 
which ageusia accompanies paralysis of the face. 
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Exclusive of eases of facial paralysis of obvious intracranial and extracranial origin, 157 
cases could be presumed to be instances of facial neuritis, or Bell’s palsy. In only 77 of 
this number was there a record of examination of the sense of taste, and in only 40 cases 
was there indication that the sense of taste bad been adequately tested for both sides of the 
tongue. In 36 of the 40 cases taste was impaired and in 4 it was not impaired. In 6 of 
the 36 cases there was unilateral impairment of taste on the same side as the palsy and in 
30 of the cases impairment of taste was bilateral. The degree of ageusia, either homolateral 
or contralateral, showed no relation to age. The contralateral ageusia Avas of less intensity 
than the honiolatcral ageusia in 25 cases, of equal intensity in 5 cases and of greater intensity 
in no case. The contralateral ageusia was of lesser intensit)'’ than the palsy in 23 cases, of 
equal intensitA' in 4 cases and of greater intensity in 3 cases. In no case Avas unilateral ageusia 
present on the side opposite the palsA'. The degree of contralateral ageusia Avas graded as 
slight in 11 cases, moderate in 9 cases, pronounced in 8 cases and severe in 2 cases. In 1 
case there Avas evidence of initial transitoiy palsy on the opposite side. 

To explain this observation on an anatomic basis, a dissection Avas made of the tongue 
in an attempt to detect the presence of OA'crlapping terminal fibers from the tAvo sides. Such 
overlapping could not be demonstrated grosslj'. In a clinical case in Avhich one lingual nerve 
had been rendered anesthetic by nerve block for tooth extraction, both anesthesia and ageusia 
were found to end sharply in the midlinc of the anterior two thirds of the tongue. The 
existence of a variety of alternative patliAA-ays for the afferent fibers for taste suggested in 
the past is now believed to be a misconception, and all taste fibers from the anterior tAvo 
thirds of the tongue arc now assigned to the chorda tympani and the nervus intermedins of 
the seventh cranial nerve. In the brain stem there appears to be no other secondary gustatory 
tract than that crossing Avholl}' to the opposite side from the nucleus of the fasciculus soli- 
tarius and ascending to the thalamus, and thence to the cortex at the base of the posterior 
central g>'rus. Thus, no explanation for bilateral gustatory impairment on the basis of an 
exchange of afferent patlnvays between the two sides can be derived from anatomic consid- 
erations. This forces one to the conclusion that cases of this condition represent bilateral 
lacial neuritis, manifested on the side of lesser inA-oh'ement b}’’ a gustatory lesion only. 

Prognostic Possibilities of the Rorschach Method in Metrazol Therapy. Mr. Wood- 
row W. Morris, Pontiac, Mich. 

The present study is an attempt to determine A\diether the Rorschach method reveals any 
signs or patterns Avhich are predictive of success in treatment Avith metrazol of a more or 
less general cross section of psychotic conditions. After the completion of treatment, the 
patient’s clinical course in the hospital or at home A\'as carefully folloAved. The final judg- 
ment as to the success or failure of the treatment Avas based on the patient’s OA’-ert condition, 
rather than on the opinion of the staff physicians, as it Avas felt that such a basis of judg- 
ment Avas more reliable. Forty-one patients Avere included in this study — 15 men, Avith a 
median age of 28 years, and 26 Avomcn, Avith a median age of 37 years. The duration of 
illness ranged from less than six months to more than twelve 3’’ears, Avith a median duration 
of three and nine-tenths j^ears. Of the total number of patients, 44 per cent Avere improved, 
and 56 per cent were unimproA^ed. The highest rate of improvement AA^as noted in the manic- 
depressive patients. 

Cursory examination of the data received from the several Rorschach factors for the 

patients of the tAA'o groups, nameljq those Avho improved and those Avho did not improve, 
eliminated a number as prognostically insignificant; others proved to be significant in A^arying 
degrees. In general it Avas found that the patients Avho benefit from treatment are those 
who are more intact and who are living on a higher intellectual, social and cultural plane 

than those Avho do not improve. Each of the more significant factors AAms then studied 

further in an effort to determine a critical figure for each that might more specifically 

differentiate the tAvo groups of patients. These signs Avere Aveighted in the order of their 
significance in differentiating the groups, as folIoAA's: Less than 15 per cent of “anatomic” 
responses and less than 17 per cent of “O” responses Avere Aveighted as 3 points each, since 
they Avere statistically most significant. Less than 2 per cent of “color form” responses and 
™ore than 1 per cent of “space” responses Avere Aveighted as 2 points each, Avhile more than 

13 per cent of “normal detail” responses and more than 70 per cent of “good perception” 

responses received a Aveighting of 1 point each. It aa^s found by the chi-square test that the 

application of these six signs Aveighted as described differentiated the tAvo groups to a 

significant degree and that a total of weighted points equal to or greater than 7 suggested 
a good prognosis. Selection of patients for therapy on purely clinical grounds yielded an 
improvement rate of 44 per cent, Avith a concomitant loss of 56 per cent. By application of 
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the six prognostic signs, the improvement rate was raised to 64 per cent, an increment of 
20 per cent over that obtained by clinical selection. 

Diagnosis and Surgical Pathology of Certain Types of Sciatic Neuritis. Dr. Albert 
S. Crawford, Detroit. 

Neurosurgeons have in the last few years brought about a new surgical- approach to the 
problem of relief of pain in certain of the noninflammatory types of sciatic neuritis. At first 
the chief interest was focused on the intervetebral disk, and later, on the ligamentum fiavum. 
A number of large series of cases have been reported from prominent medical centers which 
establish lesions of these structures as real surgical entities. In such cases a history of 
trauma is common, and persistent or recurring sciatic pain, with absence of the ankle jerk, 
is constant. At first iodized poppyseed oil was used as a diagnostic and localizing means. 
Later injection of air became more popular, and more lately pantopaque is promising to 
become an even better means of localization because, while it is as opaque as iodized poppy- 
seed oil, it is more easily removable, if necessary. (Pantopaque is a new radiopaque oil that is 
thinner and less viscous than the older iodized oils. It has been developed at the University of 
Rochester and is still in the experimental stage and not yet on the market.) 

The surgical approach has been by simple laminectomy. At first the procedure was 
more radical. Gradually it was found that localized rupture of the intervertebral disk could 
be exposed and the disk satisfactorily removed by means of a hemilaminectomy, and in some 
cases with practically no removal of bone. The end results have proved to be excellent. 

My experience has been in accord rvith that of others, but I have found that there is 
another group of patients with chronic recurrent involvement of the sciatic nerve in which the 
pain is due not to ruptured intervertebral disk but to pressure on the nerve in the inter- 
vertebral foramen by a combination of one, two or more of the adjacent structures in the 
foramen, such as the ligamentum fiavum, an overhanging facet, a prominent or thickened, 
but not ruptured, intervertebral disk or chronically thickened tissue, including enlarged veins, 
accompanying the nerve in the foramen. To these cases can be added some in which the 
pain is due to pressure on the nerve from the lesions of hypertrophic arthritis or adhesions 
to nerves resulting from former injections of alcohol or previous inflammatory processes. 

In this entire group, 70 per cent of over 80 cases, the history of trauma was less definite, 
but the pain was chronic, recurrent and resistant to conservative orthopedic management and 
was sufficient to incapacitate the patient. The clinical and localizing signs and symptoms 
were often as definite as those with ruptured intervertebral disk. They were at times 
bilateral and involved most frequently the fourth or fifth lumbar nerve. 

In many of these cases the more limited exposure did not reveal the entire cause, and 
only when the nerve was followed outward through the foramen was the cause of the trouble 
apparent. Sometimes this dissection necessitated partial removal of one or two facets, at 
times with a chisel. In most cases the trouble seemed to be a combination of one, two or 
even three of the aforementioned factors. If the lesion was known to be bilateral, an excel- 
lent e.xposure was obtained in some cases (10 in all) by removal of .bone with a chisel and 
by sharp dissection of one entire dorsal arch, with the attached facets. After the nerves 
were adequately decompressed, the removed dorsal arch was fastened in its proper place 
with stainless steel wire. In sucli cases the patient has done well afterward, convalescence 
has been shorter than when bone grafts were done, and complaints of weak back have not 
been encountered. 

From this experience I have concluded that there is an increasingly large group of cases 
of chronic, intractable, incapacitating sciatic pain in which operation should be carried out. 
The cause of the pain may not be a ruptured intervertebral disk, but if the exploration is 
extensive enough, the compressing or impinging tissue will be seen. If this has been adequately 
rernoved, there has been relief of pain in 90 to 95 per cent of cases. I offer a method of 
limited bilateral decompression, with replacement of the dorsal arch to eliminate the possibility of 
a subsequent weak back. > 


JoHx M. Dorsey, M.D., President, iu the Chair 
Regular Meeting, Jan. 14, 1943 

Psychiatric Study of a Man with a Convulsive Disorder. Dr. Leo H. Barteaieier, 
Detroit. 

A^ psychiatric study was^ made of a patient who presented the characteristic manifestations 
of idiopathic epilepsy. Various examinations for organic disease of the central nervous system 
rerealed nothing significant. An understanding of the preconvulsive period and its relationship 
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to the later convulsive disorder is important. The study revealed that the whole early mental 
development of the patient had been influenced by the mother’s overprotective attitude, which 
had seriously interfered with the natural development of the patient’s aggressiveness. The' 
aggressiveness was later forced into a pathologic mode of discharge represented by the attacks. 
The convulsive disorder was precipitated by two traumatic surgical experiences. The relation 
between the patient’s anxiety and his seizures was demonstrated by several episodes which 
occurred during the course of the treatment. Although the patient had to continue medication 
with phcnobarbital, his im})rovement was greatly enhanced by the psychotherapy. 


m.scussiox 

Dr. H.vrrv E. AvcfST, Detroit; Among the forms of epilepsy usually classified as idio- 
pathic is a condition which may be termed psychic epilepsy. Many types of emotional dis- 
turbance may express themselves through the symptoms of epilepsy. One type frequently 
encountered under such circumstances is that of sadomasochism, in which the seizure represents 
a massive disclmrgc of sadistic energy ^\•hich is turned back on the patient. Dr. Bartemeier’s 
case ai)pcars to fall into this classification, and a number of details have been dealt with 
speculatively from this point of view. 

Dr. Rich.akii .Stkru.x, Detroit: An important point expressed in Dr. Bartemeier’s paper 
is that of ctiologic combination, or the collaboration of hereditary and accidental factors. 
Dr. Bartemeier recently published a paper (Bull. Meuttinger Clin. 6:190 [Nov.] 1942) in 
which he presented Freud's contribution to mental heredity. Hereditary and accidental factors 
supplement each other in producing the final ctiologic effect. Freud created the concept of 
complemcntan.- series in order to read a better understanding into psychopathologic etiology. 
If the hereditary factors are slight, strong and impressive postnatal experiences are necessary 
to produce the psychopathologic result, and vice versa, strong heredity will require only slight 
outside factors to produce the pathologic manifestations. The validity of the concept is proved 
by the therapy. If the influence of the accidental factors is removed by psychotherapy, the 
hereditary factors recede, as it were, into latency. 

In his present paper Dr. Bartemeier made a practical application of what he made theoreti- 
cally so clear in liis former paper. It is of extreme practical importance to investigate the 
possibility of accidental factors in the causation of epilepsy and to try to undo them, so that 
inner conflicts and tension are dissolved. If it is proved bj’^ more cases like Dr. Bartemeier’s 
that the removal of accidental p.sychogcnic factors in cases of epilepsy leads to relief and 
notable improvement, perhaps even to complete cessation of the seizures, the discovery not 
only would be of theoretic interest in the sense that the complementary series of outside and 
hereditary ctiologic factors is valid in the case of epileps}’’, but would be of tremendous practical 
benefit to persons stricken by this terrible disease. 


Frequency of Convulsive Disorders in the Feebleminded: Clinical and Patho- 
anatomic Considerations. Dr. R. W. Waggoner, Ann Arbor, Mich., and Dr. J. G. 
Sheps, New York. 


Convulsive disorders in the feebleminded present the most important problem in the care 
of such patients. In 10 per cent it is the cause of death. This paper is a report on the 
incidence of convulsive disorders in feebleminded patients and the relationship between the con- 
vulsions and mental retardation. A series of 254 patients were studied pathoanatomically. ‘ Of 
these, 105 or 41.3 per cent, had convulsions. These all showed either residuals of an encephalitic 
process or malformations of the brain. There was no apparent correlation between the incidence 
0 convulsions and either the degree of feeblemindedness or the type of pathologic change in 
the brain. 


DISCUSSION 

Dr. Carl D. Camp, Ann Arbor, Mich.: From a statistical viewpoint it is important to 
DOW the source of the material studied. Institutionalized epileptic patients show a high pro- 
portion of feeblemindedness, but for private patients the figures would be quite^ different. 

ontrary to public opinion, it is clear that epilepsy is not necessarily associated with feeble- 
mindedness. 

Dr. R. Morter, Kalamazoo, Mich. : I have always been interested in the architecture 
m the brain of the feebleminded. I have often wondered how the structure of the brain of 
^0 feebleminded person differs from that of the normally intelligent person, and^ whether the 
^ Dormal structural deviation of the brain of the feebleminded becomes greater with the low er 
mels of intelligence. 



Book Reviews 


The Rorschach Technique: A Manual for a Projective Method of Personality Diag- 
nosis. By B. Klopfer and D. Kelley. Price, §3.60. Pp. 405, with index. Yonkers, N. Y. ; 

The World Book Company, 1942. 

The Rorschach method of personality analysis is still a mystery to most neurologists and 
psychiatrists. It cannot be said that the present volume makes the matter simple, but the 
book does provide a great store of information about the test, which is far easier of access 
than that in Rorschach’s original book or any others at present available. This history of the 
test is interestingly described ; then precise directions arc given for administering it. The method 
of scoring now recognized by the Rorschach Exchange is presented. Finally, the practical use 
of the test in clinical psychiatry and neurologj’’ is described. There is an exhaustive bibliography. 

The test is useful in the differential diagnosis of various psychoses and neuroses. In 
addition, definite patterns of response are seen with certain types of structural disease of the 
brain. The specificity of the pattern in epilepsj’^ is open to question. 

It would be difficult, but not impossible, to learn to give and to interpret the Rorschach test 
from this book alone. The manual will, however, be of great value to all those who are 
working with the procedure, or who arc attempting to utilize its results. 

Roentgen Treatment of Diseases of the Nervous System. By C. Dyke and L. Davidoft. 

Price §3.25. Pp. 198, with illustrations. Philadelphia ; Lea and Fcbiger, 1942. 

Additions to the means of treatment of disorders of the nervous system are always welcome. 
Roentgen ray therapy has been successfully applied to a surprising variety of neurologic diseases 
— chiefly to tumors, of course, but also to syringomyelia, herpes zoster and other conditions. 
The present book is a concise, scholarly review of the entire literature, with adequate historical 
material. Conclusions are drawn chiefly from the authors’ own material, however. This has 
been extensive, well studied and critically reviewed. 

The authors warmly recommend a prolonged trial of roentgen ray treatment in cases of 
chromophobe adenoma of the pituitary before operation is considered, except when vision is 
seriously threatened. They report good success, also, in cases of astrocytoma, oligodendroglioma 
and glioblastoma, conditions which are not usually regarded as favorable for treatment. They 
are somewhat skeptical of the value of the therapy for syringomyelia. The technic of treatment 
is carefully described. 

This book belongs in the library of every neurologist. 

Dark Legend: A Study in Murder. By Frederic Wertham, M. D. Price, §2.75. Pp. 270, 

with 1 illustration. New York: Duell, Storm and Pearce, 1941. 

This volume constitutes a serious attempt to study the psychologic implications in the murder 
of his mother by a boy of 17. It is a serious document, with good description and clear phrasing. 
It should serve as a contribution to the literature of criminal psychology and should be read 
by all interested in this field. As a study of the type of character which murders it is worthy of 
its author, and it can be highly recommended both as literature and as psychology. 

Psychology You Can Use. By William H. Roberts. Price §2. Pp. 246. New York: 

Harcourt Brace and Company, 1943. 

This book should prove both entertaining and instructive to any one who has not had an 
introductory course in psychology and wants to know with what the science deals. It is a small 
volume which explains psychology in simple and readable form. The opening chapters are 
concerned with the physiologic approach to the understanding of human behavior and cover 
such topics as taste, smell, hearing and seeing. After this, the more truly psychologic, fields 
are reviewed, and attention, learning, instincts, intelligence, emotions and other topics come up 
for review. In addition to the general exposition, each chapter carries suggestions for simple 
home experiments which the reader can try out by himself. 

In his selection of material Professor Roberts has unerringly picked the essentials, and his 
presentation should prove satisfactory to all psychologists regardless of their orientation. There 
is one erroneous diagram used in the discussion of the Miiller-Lyer illusion; aside from this the 
book is factually correct. 

An additional merit of this book is the fact that, while the reader learns considerable from 
his study of this work, it does not pretend to give him anything which might make him feel he 
knew enough to give psychologic advice to others. The book is recommended for basic under- 
graduate orientation in the field. 
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The asterisk (*) precedlnK the i)nKC number 
indicates an oriKinal article in tiie Arcliives. 
Subject entries are made for all articles. 
Author entries are made for orlRlnal articles 
and society transactions. Hook Reviews, Obit- 
uaries and Society Transactions are Indexed 
under tliese headintrs In their alpliabetical order 
under the letters R, 0 and S, respectively. 

Abdomen : See Gastrointestinal Tract ; etc. 
Abnormalities and Deformities: See under 
names of organs and regions, as Drain ; 
etc. 

Abscess : See under names of organs and 

regions, as Brain, abscess ; etc. 
Acetylcholine ; See Choline and Clinline De- 
rivatives 

Acid, Ascorbic : See Ascorbic Acid 

Barbituric: See under Barbital and Barbital 
Compounds 

Cevitamic : See Ascorbic Acid 
Lactic Acid : See Blood, lactic acid 
Nicotinic : See Nicotinic Acid 
Acid-Base Equilibrium etl'ect of alkalosis and 
acidosis on cortical electrical activity ano 
blood flow, 2SC 

Acidosis ; Sec Acid-Base Equlllbriuin 
Activity, piimacy of area 13 of orl)ltal surface 
of cerebral cortex in production of hyper- 
activity in monkeys. 7S0 
Adams, R. D. : Occlusion of anterior inferior 
cerebellar artery, *703 

Addison’s Disease, cleclroenceplialogram in, 
137 

Adolescence, ijrognostlc factors of adolescent 
psyclioses, 292 

reactions of people to war, 140 
Adrenal Preparations, results of Insulin and 
epineplirlne tolerance tests in sclilzoplirenic 
patients and in normal sulijects, *193 
use of adrenal corte.x extract in cases of 
insulin shock complicated by i)ulmonar.T 
edema ; review of literature and report of 
case, 304 

Adrenals, interaction of electric shock and in- 
sulin hypoglycemia ; experimental investi- 
gations, *808 

Age, histocliemical changes associated wltli 
aging; .skeletal and cardiac muscle in rat, 
912 

Old : See Old Age 

studies in diseases of muscle ; heredity of 
progressive muscular dystroi)liy; relation- 
ship between age at onset of symptoms and 
clinical course, *041 
Ageusia : See Taste 
Agraphia : See Aphasia 

Akelaitls; A. 3.: Studies on corpus callosum; 
relationship of grasp reflex to section of 
corpus callosum, *820 

Alcohol, effect In experimental liver cirrliosis, 
407 

Alcoholism : See also Liver, cirrhosis 
and mental disorder, 008 
and mental disorder in Massachusetts, 1917- 
1933, 131 

conditioned reflex therapy of alcoholic addic- 
tion ; follow-up report of 1,042 cases, 138 
predisposing factors in bromide intoxication, 
*359 

vitamin deficiencies and liver cirrhosis In, 
135 

Alexander, L. : Experimental studies on electric 
sliock treatment ; Intracerebral vascular 
reaction as indicator of path of current, 017 
Allcalosis : See Acid-Base Equilibrium 


.‘Vlniy, T. P. : Studies in diseases of muscle ; 
progressive musctil.'ir atropliy; rei)ort ot 
case with unusual features ; efl'cct of i)rns- 
tigminc and piiysostlgminc on fascicula- 
iions; metabolism of ascorbic acid, *13 
Altitude, neuropsychlatric aspects of aviation 
medicine, 147 

Alzheimer’s Disease : Sec Insanity, presenlle 
Amentia : See Feeblemindedness ; Insanity ; 

Mental Diseases : etc. 

Amnesia, early symptoms of aphasia witli brain 
tumors, 009 

Ainyot, R. : Meningeal gliomatosis secondary 
to intramedullary giioma, *383 
Amj’otropiiy : Sec Sclerosis, amyotropliic lateral 
Anaphylaxis and Allorgj’ : See Astlima ; Hay 
Fever; etc. 

Androgens, testosterone tlicrajjy of involutional 
l)sychosls, 300 

Aneurysm, miliary; relation of anomalies of 
circle of IVillls to formation of aneurysms, 
015 

Angioma, calcification of cerel)ral cortex asso- 
ciated with mcningotlieliomatous men- 
ingioma ; pathologic study, with comment on 
incomplete type of neurociitaneous syn- 
drome, *,307 

Angyal, A. : Predisposing factors in bromide 
intoxication, *339 

Anomalies: See under names of organs and 
regions, as Brain; etc. 

Anorexia : Sec Appetite 
Anxiety: See Neuroses and Psychoneuroscs 
Ajiliasia after major temi)oral lobectomy, 403 
Amnesic : See Amnesia 
Apparatus: See also Instruments 

electrical skin resistance technic used to map 
areas of skin afl’ected by sympatiiectomy 
and by otlier surgical or functional fac- 
tors. *454 

grouping bcliavlor of normal persons and of 
persons witli lesions of brain ; further 
analysis, *489 

to be used in recording tremors, *123 
Api)etite, cacliexia of mental origin ; nature and 
management, 300 

Araciinoid, circumscribed arachnoid sarcoma 
of cerebellum, 289 

Hemorrhage : See Meninges, hemorrliage 
inflammation ; foreign body granulomas pro- 
duced by surgical cotton, *581 
inflammation ; symptomatology and pafliology 
of spinal arachnoiditis, 133 
inflammation ; unusual complication of intra- 
spinal use of iodized poppyseed oil, 92G 
Tumors : See under Meninges 
Arachnoiditis : See Araciinoid, inflammation 
Arleti, S. : Vascularization of cerebral neo- 
plasms studied with fuchsln staining method 
of Eros, G20 

Arms : See also Extremities 
pyramidal signs of upper extremity, 917 
Arnold-Chlari Deformity : See Brain, ab- 
normalities 

Arsenic and Arsenic Compounds : See also 
Arsphenamines 

encephalopathy following intravenous ad- 
ministration of arsenical preparations, *8G3 
Tlierapy: See Sypiiilis 

Arsphenamines, cerebral lesions following ad- 
ministration of neoarsplienamlne, G03 
Arteries : See also Aneurysm ; Arteriosclerosis ; 
Blood pressure; Embolism; Pulse; Throm- 
bosis ; etc. 

Cerebral : See Brain, blood supply 
occlusion of anterior inferior cerebellar 
arter.v, *7G5 
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Arteriosclerosis, cerebral, histogenesis of, G22 
predisposing factors in bromide intoxication, 
*359 

psychopathologic review of senile and ar- 
teriosclerotic disorders, 299 
Artificial Fever Therapy; See Neurosyphllis 
Ascorbic Acid, presence and localization of 
vitamin C in central nervous system. 283 • 
studies in diseases of muscle ; progressive 
muscular atrophy ; report of case with un- 
usual features ; effect of prostlgmlne and 
physostigmine on fasciculations ; metabolism 
of ascorbic acid, *13 

Asthma, bronchial, incidence of neurosis in 
cases of, 914 

Ataxia, combination of Friedreich’s ataxia and 
Charcot-Maric-Tooth atropliy in eacli of 
2 brothers, 295 

heredodegenerntive cerebellar disorders, CIO 
Atherosclerosis : See Arteriosclerosis 
Atlas and Axis, cervical syringomyelia and 
syringomyella-liUe states associated with 
Arnold-Chiari deformity and platybasla, 
*881 

Atrophy : See also under names of organs and 
regions, as Bones, atrophy; etc. 
muscular : See also Dystropliy, muscular 
muscular ; amyotrophic lateral sclerosis and 
related conditions ; clinical analj'sis, *151 
muscular ; combination of Friedreich’s ataxia 
and Charcot-Marle-Tooth atropliy in each 
of 2 brothers, 295 

muscular : effect of electrical stimulation on 
atrophy of denervated slv'cletal muscle, 
*802 

muscular; some new applications of synthetic 
vitamin E therapy, 472 
muscular ; studies In diseases of muscle ; 
progressive muscular atrophy; report of case 
with unusual features ; effect of prostigminc 
and physostigmine on fasciculations; me- 
tabolism of ascorbic acid, *13 
muscular; treatment of certain muscular 
atrophies with vitamin E with note on 
diagnosis and electromyograms, 138 
Autolysls, behavior of lipids during antolysis 
of liver and brain, 284 

Aviation and Aviators, neuropsychiatric as- 
pects of aviation medicine, 147 
psychiatric problems in military .aviation, 132 
Avitaminoses : See under Vitamins 
Axons : See Neurons 

Babinski Reflex : See under Reflex 
Bailey, P. : Sarcoma of tempor.al lobe asso- 
ciated with abscess and invading sub- 
cutaneous extracranial tissues, 616 
Baker, A. B. ; Sequels of equine encephalo- 
myelitis, *398 

Balchum, 0. J. : P.athw.ays for pain from 
stomach of dog, *739 

Barbital and Barbital Derivatives, sodium 
amytal experiments; further observations, 
287 

Therapy ; See Mental Diseases 
Barker, L. F. : Acute syphilitic anterior polio- 
myelopathic syndrome ; report of c.asc, *118 
Barnacle, C. H. ; Fatalities following electric , 
convulsive therapy ; report of 2 cases with 
autopsy, *107 

Barre-Guillaln Syndrome; See Nerves, roofs 
‘Barfemeier, L. H. : Psychiatric study of man 
with convulsive disorder, 928 
Basedow’s Disease ; See Goiter, exophthalmic 
Basophilism (Cushing) : See under Pituitary 
Body 

Beaton, L. E. ; Neurogenic hyperthermia and 
its treatment with soluble jientobarbital in 
monkey, *518 

Behavior, Animal ; See Psychology, comparative 
Children’s ; See under Children 
Bell’s Palsy; See Paralysis, facial 
Bender, M. B. : Functional representation in 
oculomotor and trochlear nuclei. *98 
Bennett, A. E. : Myasthenia gravis ; curare sen- 
sitivity ; new diagnostic test and approach 
to causation, *537 


Berger Rhythm ; See Brain, electroencephalog- 
raphy 

Biotin ; See Vitamins, B 

Black, H. A. ; lntracr.mial epidermoids occur- 
ring simultaneously below and above ten- 
torium, *214, 

Bladder, neurogenic vesical d.vsfunctlon, 602 

Blakeslcc, G. A.; President’s address; neuro- 
psychiatry in wartime, 773 

Blast; See Exidosions 

Bl.astomyces hominls; new staining method for 
demonstration of Debar.vomyces neoformans 
(Torula histolytica), Blastomyces homlnis, 
Coccidloldes Immitls and Histoplasma 
enpsulatum in histologic preparations, 621 

Blindness ; See Vision, detective 
Word Blindness ; See Aphasia 

Blood ; See also Hemoglobin and Hemoglobin 
Compounds 

arterial and cerebral venous blood. 460 
arterial and cerebral venous blood ; arteri.al- 
vcnoiis differences in man. 284 
bromide ; value of bromide determinations in 
diagnosis and treatment of bromide intoxi- 
cation, 128 

chemical changes in blood and occurrence 
of uremia following head Injury, 467 
distribution of iodine in blood serum and in 
spinal fluid, *93 

lactic acid; blood lactate-pyruvate relation 
and its use in experimental thiamine de- 
ficiency in pigeons, 127 
pressure and pulse changes in normal indi- 
viduals under emotional stress ; their re- 
lationship to emotional instability, 915 
pressure high ; arterial hypertension follow- 
ing metrazol .shock therapy, *120 
pressure, high ; chronic hypertensive encepha- 
lopafliy; clinicopathologic report, 919 
pyruvic acid; blood lactate-pyruvate relation 
and its use in experimental thiamine de- 
ficiency in pigeons, 127 
Sugar; See also Dextrose; Insulin; etc. 
sugar; effect on electroencephalogram of 
changing blood sugar level, *186 
sugar in case of complete hypophysectomy, 
136 

sugar : interaction of electric shock and 
insulin hypoglycemia ; experimental in- 
vestigations, *808 

sugar ; observations in hypoglycemia ; spinal 
fluid sugar and coma, 287 
sugar ; oral and intravenous dextrose tolerance 
curves of patients with manic-depressive 
psychosis. *852 

sugar; sodium amytal experiments; further 
observations, 287 

Bones ; See also under names of bones 

atrophy; roentgenographic appearance of 
bones in Cushing’s syndrome, 613 

Book- Reviews: 

Autonomic Regulation ; E. Gellhorn, 792 
Biologic Fundamentals of Radiation Therapy ; 
F. Ellinger, 322 

Conceptual Thinking in Schizophrenia ; E. 

Hanfmann and .1. Kasanin, 321 
Dark Legend : Study in Slurder ; F. Wertham, 
939 

Encephalography; B. G. Robertson, 487 
Introduction to Psychoanalytic Theory of , 
Libido; R. Sterba, 639 
Lectures on Conditioned Reflexes : Volume 
II. Conditioned Reflexes and Psychiatry ; 

1. P. Pavlov, 637 

Love Against Hate ; K. Menninger, with col- 
laboration of J. L. Menninger, 638 
Mental Health in College ; C. C. Fry, with 
collaboration of E. G. Rostow, 638 
Mental Illness : Guide for Family ; E. JI. 

Stem and S. W. Hamilton, 488 
Our Age of Unreason ; F. Alexander, 639 
Psychology You Can Use ; W. H. Roberts, 930 
Roentgen 'Treatment of Diseases of Nervous 
System; C. Dyke and L. D.avldoff, 930 
Rorschach Technique ; Manual for Projective 
Method of Personality Diagnosis; B. ICloli- 
fer and D. Kelley, 930 
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llooK Ri\ir\\? — Contimicd 
i^c\ Guidance in rnmlb Idfe r,d\u'.Ulon ; 1'. 
H. Strain, l.'iO 

1e\t-15ooK of XiMiro-Ainitoinj ; A. T. KnnI/. 
-5SS 

Uncan^eiousiH''' ; J. G. Miller. ."20 
Vi*;!!.!! Meel).ani‘-nis : kHikI I>.\ H. Kidder, 
I’O 


Bojd. 11. A, .Ir. : llneepli.iloi'atlu follow Inr 
Intraicnous .admlnlb-tr.itlon of nr.sonlc.nl 
Vnp.ir.atlon';, *803 
Ilr.ieiii.il I’ll Nils; Sio I’.ir.ih ■.Is 
llr.iin : See al'-o Ci r< litlliiin ; I’orinis ('.illo-'iiin : 
II\pot!ia!anui'; ; licntlculnr Kneleiii ; Me- 
dulla Ohlonpata ; Mcninpi'i; Ncnniis 
tcin ; I’cns A’arolli ; Tlialainns ; etc. 

almornnlltU"' : eorvlcil rliiponijell.i .ind 
''.Mlnpoiioelia-llKe >-tit('s a'-ioel.ili d wlili 
Arnold-t'lilail ikfoiinlti and pl.iti l).i‘'lii. 
•Sbl 

ali'cc''*;; trealincni. 012 

atijdeal 'lolrnros ellcUtd liy ilertrle.il '-tlniii- 
latlnn of certlirnin In eat. '211 

bclmilor of llidds diirlnp antob‘'ls of Ihir .ind 
brain, 281 

Blood Siipidr: See iiKo Aneiiriim; Aiteili'-: 
Arterlo'-ehrnsK ; «,te 

blood supply; arterial and rorclir.il lenoiis 
blood, -100 

blond ‘uipph ; arterial and einbi.il \eiioiis 
blond: arterlal-iennn-' dineieiiees In ni.in, 
281 

blind 'iiipplj ; olTeet of alKnlo'-is and arldo'.l'' 
on enrtle.il t leetric.il aethll.i and blood 
How, 28(i 

blood .supply; fatal eeiebroiasciil.ir .leeldeiit 
assoelated with eataloiile sclil/opliri nl.i : 
report of case, *721 

blood supply; lilstopene'-Is of oarl.i lisloiis of 
nniltiple selerosls; slpnlfieanee of ^.lsenlal 
clianccs, *178 

blood supply; niillar.\ anenrj.snis; relation 
of anomalies of circle of Willis to fonna- 
tlon of aneur.vsiiis, (U.'i 

cnlclfleatlon of cerebral cortex assocl.itcil 
"itli mcnlnpotlielloinatous nienlnpionia ; 
p.itliolopic study, with comincnl on Inconi- 
pkte tjpes of ncurociitanious s.\ndiome, 
‘•7.07 

ctrebi.il cortex In proiindhop (Mauiiotn 
monax) .ind deer mouse [I’cioni.\seiis 
m.inlcnl.itus), lG-1 

cerebial djsrhjthmla In iclatlon to ccl.imiisla, 
■‘204 


control of clonic responses of cerebral coilex, 
021 


cortical premotor and "postinotor'' foci which 
influence pastrolntestlnal tinct and tlicli 
eflerent pathways, 485 

cjloaichitectural study of sheep coitex', 401 
Diseases: Sec also Bneephalltls ; Insanity: 
alental Diseases ; etc. 

diseases; chronic hypertensive encephalo- 
pathy; cllnicopatholoKlc report, 919 
diseases; encephalopathy followlnR Intia- 
venons administration of arsenical prepaia- 
tions, *803 

edema ; effect of hyjiertonic rIucosc solutions 
on Inflow of normal saline solution into 
subaiachnold space of dog, 467 
ed^ema; experimental swelling of brain, *820 
elfect of eoitical destruction on responses to 
tones, 127 

electroencephalogram In Addison’s disease, 
13/ 

electroencephalogram in "convulsive state,” 


electroencephalogram in epilepsy, 290 
eiectroencephalographlc foci associated witl 
epilepsy, *793 

electroencephalographic studies in dellnqueni 
behavior problem children, 130 
electroencephalographic studies of psycho 
Pathic personalities, 910 

’ changes in norma 

electroencephalogram of Macaca mulaltf 
with giowth. 001 


Biain — Continued 

I'Uctromceidnvlogt.iidiv ; delhuineney and 
electroencephahigi aph, 130 
pUctroeneephalogi aph.v : ellect on electio- 
inciithulngram of changing blood sug.ir 
Itvel, *1.80 

thclioentephalogr.ii)h.v ; clloct on clcctro- 
i”''eph.i login in of lesions of ceicbr.il coitex 
and basal gmnglla’ in M.icae.i niul.ilta, 001 
eh ctrocnccphalogi aiih.v In cases of mental dis- 
oidci. 292 

cleciroem I iihalogiaphv ; potentials and mor- 
phine addiction, 915 

< h ( troencephalographv : iiolonti.ils of rapid 
ficiinLnc> in hnniaii electroencephalogram, 
308 

chctrocnce))halograi)h.\ : significance of ab- 
normal clecltiHiictphalogram. 128 
cxpirlnuntal .studies on electric shoclc treat- 
ment; Intraceicbial vascular reaction ns 
liwllcatov of path of cunent. C17 
foimation of demvciinated plmiucs associated 
with cerebral fat embolism In man, *754 
funitlon ol frontal hdie in man; dinamic 
visual field, (.33 

grouping bthnvlor of normal persons and 
of persons with lesions of bialii; fiiither 
niialy.sls, *189 

Iltmorrhngc: See Bncephalitis, hcmoirhagic 
hernln ; ncfinlrcd subtentorial pressure diver- 
tlculnni of cerebial lateral ventricle, 013 
hlstogtnesis of cerebial arteriosclerosis, 022 
Inflammation: Bee Kncephalltls 
Inpirles : .See Head, Injnrlcs 
interaction of clectilc shock and Insulin 
h.vpogbcemia ; experimental investigations, 
*.80S 

juvinlle amaurotic idiocj ; clinlcopatliologlc 
.study, *559 

locnll/ation of function; Interference factors 
in delayed icsiioiise In monkeys after re- 
moval of frontal lobes, 287 
niidbraln deafness; tumor of mldbraiii pro- 
ducing sudden and comidete deafness, *237 
ncuiogcnlc hypertherml.i and Its treatment 
with soluble pentobaibital In monkey, *518 
neiiropsvchialrlc sequelae of paitial exsan- 
gulnatlon. *.591 

pathologic changes in brains of dogs given re- 
peated clectilcal shocks, 002 
pathology; eflect on electroencephalogram of 
lesions of cerebial coitex and basal ganglia 
III Macaca mulatta, 001 
pathology; encciihalomalacln with cavity foi- 
matloii In infants, 288 

pathology; Llssaner’s domentia paralytica, 
001 

Physiology: i^ce also Biain, electroeiiceph- 
nlograpliy: Bi.iln, locallyatlon of function 
physiology: autonomic responses to electrical 
stimulation of forebraln and mldbrain with 
icference to pupil, 400 

physiology: studies on metabolism of brain 
siKspcnsIons ; oxygen uptake, 911 
piesence and localization of vitamin C in 
central nervous system, 283 
primacy' of area 13 of orbital surface of 
ceiebial coitex in piodnction of hyperac- 
tivity in monkeys, 780 

pyramidal and extrapyiamidal mechanisms in 
cortical control of movement, 782 
pyramidal tract ; effect of precentral and post- 
central coitical lesions on fiber components 
of pyramids in monkey, 285 
sarcoma of temporal lobe associated with ab- 
scess and invading subcutaneous extra- 
cranial tissues, 010 
Sclerosis : See Sclerosis 
Softening • See Brain, pathology 
surgery ; aphasia after major temporal lo- 
bectomy, 465 

sviigcry; Investigation of personality in 
patieiits treated by prefrontal leukotomy, 
202 

suigeiy ; reports of partial frontal lobectomy 
and frontal lobotomy performed on 3 
patients, 473 
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Brain^ — Continued 

surgery: results of lobotomies at Delaware 
State Hospital, 139 

surgery: study of frontal lobotomy : neuro- 
surgical and psychiatric features and re- 
sults in 22 cases with detailed report on 
5 chronic schizoplirenics, 290 
tumors, early symptoms of apliasla with. GOO 
tumors : microglioma, G05 
tumors : narcolepsy, 009 

tumors : successful operation on 3 intracranial 
clmlesteatomas, 139 

tumors : vascularization of cerebral neo- 
plasms studied with fuchsln staining method 
of Eros, G2G 

Bray, D. : Sibling deatlis in anamneses of 
scliizophrenic patients, »71 
Broder, S. B. : Dr. H. Douglas Singer’s con- 
cept of psj’clioscs, *732 

Bromide and Bromine, predisposing factors in 
bromide intoxication, *359 
value of bromide determinations in diagnosis 
and treatment of bromide intoxication, 12S 
Brown, JI. : Constltutioiml dKTcrences l)efwccn 
deteriorated and nondeteriorated patients 
witli epilepsy : capillaries of finger nail fold, 
*49 

Biicy, r. C. : Unusual complication of Intra- 
spinal use of iodized poppyseed oil, 92G 

Cachexia: See Appetite 
Calcification: See Brain 

Cancer : See Sarcoma : Tumors : etc. : and un- 
der names of organs and regions 
Capillaries, constitutional differences between 
deteriorated and nondeteriorated patients 
witli epilepsy : capillaries of finger nail 
fold, *49 

Carboliydrates : See Dextrose : etc. 

Cardlazol : See Dementia Praccox : Metrazol 
Cardiovascular Sy.stem : See Arteries: Heart; 
etc. 

Carotid Sinus, observations and surgical aspects 
of carotid sinus reflex in man, 4G9 
Cash, P. T. : Jtyasthenia gravis : curarev sensi- 
tivity ; new diagnostic test and approach 
to causation, *537 
Catatonia : See Dementia Praccox 
Cauda Equina : See Spinal Cord 
Causalgla : See Neuralgia 
Cells: See also Neurons; Tissue; etc. 
inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 
*708 

Staining : See Stains and Staining 
Ceplialalgla : See Headaclie 
Cephalocele : See Brain, hernia 
Cerebellum, atypical seizures elicited by elec- 
trical stimulation of cerebrum in cat, *244 
cerebellar action potentials in response to 
stimulation of proprioceptors and extero- 
ceptors in rat, 601 

circumscribed arachnoid sarcoma of, 289 
functions of, 128 
heredodegenerative disorders, GIO 
Localization of Function : See Brain, local- 
ization of function 

origin, conduction and termination of im- 
pulses in dorsal spinocerebellar tracts 
(Flechsig’s tract) of cats, 2SG 
Cerebrospinal Fluid : See also Spin.al Punc- 
ture 

creatine content of, 294 

distribution of iodine in blood serum and in 
spin.al fluid, *93 

effect of autonomic drugs on spinal fluid 
pressure in schizophrenic and other psy- 
choses : effect of histamine, *449 
effect of hypertonic> glucose solutions on in- 
flow of normal saline solution into sub- 
araebnoid space of dog, 467 
electrophoretic study of concentrated spinal 
fluid, 481 

lumbar and cisternal spinal fluid ; normal 
variation, 294 

observations in hypoglycemia ; spinal fluid 
sugar and coma, 287 


Cerebrospinal Fluid — Continued 
proteins, group of dementia praecox patients 
witli increase of, 293 

proteins ; permanent damage to nervous sys- 
tem following attach of polyradiculoneuritis 
(Gulllaln-Barrfi syndrome) : report of case, 
witli necropsy, *895 

proteins : subacute ascending polyradiculo- 
neuritis with albumlnocytologlc dissoci- 
ation, 135 

proteins ; vestibular functions in Gulllain- 
Barre syndrome, 470 
Cerebrum : See Brain 
Cevitamic Acid : See Ascorbic Acid 
Cliarcol’s Disease : See Sclerosis, amyotrophic 
lateral 

Charcot-Marle-’rootli Disease : Sec Atrophy, 
muscular 

Clicmotherapy : See Jlcningltis ; Neurosyphilis ; 
etc. 

Cliildren : Sec also Infants ; etc. 
pseudojachsoiiian epilepsy In, *223 
reactions of people to war, 140 
Choked Disk : Sec Neuritis, optic 
Clioleslcatoma, intracranial epidermoids occur- 
ring simultaneously below and above ten- 
torium, *214 

successful oiicration on 3 intracranial clioles- 
tealomas, 139 

Choline and Cliolinc Derivatives, cholinergic 
nature of nerves to electric organ of tor- 
pedo, 408 

relation of fiiirlllatlon to acetylcholine and 
potassium sensitivity in denervated skeletal 
muscle, 467 

Circle of Willis : See Brain, blood supply 
Cireumollvary Fascicles: Sec Pyramidal Tract 
Clark, S. L. : Atypical seizures elicited by elec- 
trical stimulation of cerebrum in cat, *244 
Coccidloides Immltis: new staining method for 
demonstration of Debaryom.vces neoformans 
(Torula histolytica), Blastomyces hominis, 
Coccidioides immitis and Histoplasma cap- 
sulatum in histologic preparations, 021 
Cochlea : See Ear, internal 
Coma: See Dementia Praccox i Insulin; etc. 
Communicable Diseases : Sec Meningitis ; Syph- 
ilis; etc. 

Congress : See Societies 

Constitution; constitutional differences between 
detciloratcd and nondeteriorated patients 
with epilepsy; capillaries of finger nail 
fold, *49 

Contusions : See Head, injuries 
Convulsions : See also Eclampsia ; Epilepsy 
atypical seizures elicited l)y electrical stimu- 
lation of cerebrum in cat, *244 
interaction of electric shock and insulin hypo- 
glycemia ; experimental Investigations, *808 
modified Rorschacli technic for description of 
transitory postconvulsive personality states, 
290 

Corpus Callosum, lipoma of, 289 
studies on ; relationsliip of grasp reflex to 
section of corpus callosum, *820 
Corpus Luysl : See Hypothalamus 

Kestiforme : See under Medulla Oblongata 
Corticospinal Tract : See Pyramidal Tract 
Cotton, foreign body granulomas produced by 
surgical cotton, *581 

Cowden, F. E. ; Atypic.il seizures elicited by 
electrical stimulation of cerebrum in cat, 
*244 

Cranium: See also Head; Occipital Bone 
experimental studies on headache ; analysis 
of headache associated with changes in 
intracranial pressure, *323 
fractures : traumatic hemorrhage into pitu- 
itary gland. 603 
Injuries; See Head, injuries 
intracranial dermoid and epidermoid tumors, 
*50 

intracranial epidermoids occurring simultane- 
ously below and above tentorium, *214 
sarcoma of temporal lobe associated with 
abscess and invading subcutaneous extra- 
cranial tissues, 610 



INDEX TO VOLUME 49 


935 


Crawford, A. S. : Diagnosis and surgical path- 
ology of certain types of sciatic neuritis, 
928 

Creatine and Creatinine, in Cerebrospinal Fluid ; 
See under Cerebrospinal Fluid 
studies in diseases of muscle; progressive 
muscular dystrophy of atrophic distal type; 
report on family ; report of autopsy, *655 
Cresyl Phosphates, sj-stemic nervous affinity of 
triortiiocresj'l phosphate (Jamaica ginger 
palsy), 470 

Crime and Criminals : See also Delinquency ; 
Jurisprudence, Medical; Suicide; etc. 
masocliistic motives in criminal behavior, 630 
Medical Correctional Association, 771 
value of formal psychiatric examinations in 
criminal court. 620 

Crotliers, B. : Toxoplasmic encephalitis ; clini- 
cal experience, 315 

Culture, acculturation processes and personality 
changes as indicated by Rorscliach technic, 
131 

Curare, myasthenia gravis; curare sensitivity; 
new diagnostic test and approach to caus- 
ation, *537 

Cushing’s Syndrome ; See Pituitary Body 
Cysts : See under names of organs and regions, 
as Spine; etc. 

Davis, E. W. : Gliomatous tumors in nasal 
region, 025 

Davis, D. : Intracranial dermoid and epidermoid 
tumors, *50 

Davis, P. A. : Effect on electroencephalogram 
of changing blood sugar level, *186 
Davison, C. : Effect of vitamin E therapy on 
central nervous sj'stem in amyotrophic 
lateral sclerosis, 778 

Paraphenylenedlamlne poisoning with changes 
In central nen-ous system, *254 
Deafness ; See also Ear 

midbrain deafness ; tumor of mfdbraln pro- 
ducing sudden and complete deafness, *237 
Deatli, analysis of deaths following therapeutic 
malaria. Oil 

sibling deaths In anamneses of schizophrenic 
patients, *71 

Debaryomj-ces Xeoformans : See Torula 
Degeneration, Hepatolenticular: .See lenticular 
Xucleus, degeneration 

retrograde; effect of hemisections on homo- 
lateral axons of spinal cord, *878 
Dehne, T. L. : Symposium ; complications of 
and contraindications to electric shock 
therapy, 780 

De Jong, B. X. : Syndrome of involvement of 
posterior cord of brachial plexus, *860 
Delinquency and electroencephalograph, 130 
electroencephalographic studies in delinquent 
behavior problem children, 130 
DeLury, D, B. : Effect of electrical stimulation 
on atrophy of denervated skeletal mu.scle, 
*802 

Delusions: See under Dementia Praecox; In- 
sanity ; etc. 

Dementia : See Dementia Paralytica ; Dementia 
Praecox; Insanity ; etc. 

Presenile : See Insanity, presenile 
Dementia Paralytica : See also Xeurosj-philis 
Lissauer’s, 004 

Dementia Praecox, attempts at treatment of 
schizophrenia and otlier nonepileptic psy- 
choses with dilantin, *414 
catatonic pupil, 918 

comparison of metrazol convulsive therapy 
with electric shock In treatment of schizo- 
phrenia ; evaluation of results obtained in 
treatmcDt of 100 schizophrenic patients with 
electric shock, *587 

Dr. H. Douglas Singer’s concept of psychoses. 
*732 

effect of autonomic drugs on spinal fluid 
pressure In schizophrenic and otlier p.sy- 
choses; effect of histamine, *449 
experimental and clinical studies with methyl- 
guanidine sulfate, 145 


Dementia Praecox — Continued 

fatal cerebrovascular accident associated with 
catatonic schizophrenia ; report of case, 
*724 

group of dementia praeco.x patients with in- 
crease of protein content of spinal fluid, 
293 

hyperthyrotic catatonia ; schizophrenic symp- 
tom-complex, 291 

psj'chosis associated with progressive muscu- 
lar dystrophy, 307 

report of family exhibiting hereditary mirror 
movements and schizophrenia, 913 
results of Insulin and epinephrine tolerance 
tests in schizophrenic patients and in nor- 
mal subjects, *195 
schizopiirenic language, *831 
sibling deaths In anamneses of schizophrenic 
patients, *71 

study of frontal lohotomy; neurosurgical and 
psychiatric features and results in 22 
cases with detailed report on 5 chronic 
scliizophrenics, 290 

.symposium ; complications of and contraindi- 
cations to electric .shock tlierapy, 780 
treatment of schizophrenia ; follow-up results 
in cases of insulin shock therapy and in 
control cases, *200 

use of adrenal cortex extract in cases of in- 
sulin shock complicated by pulmonary 
edema ; review of literature and report of 
case, 304 

Denker, P. G. : Aberrant thyroid tumor of 
vertebrae with compression of spinal cord; 
recovery after operation and high voltage 
roentgen therapy, *277 

Early laminectomy for injury of spinal cord, 
773 

Depersonalization : See Personality 
Depression : Sec also Insanity ; Mental Dis- 
eases; Xeuroses and Psj’clioneuroses 
successful treatment of case of acute hys- 
terical depression by return under hypnosis 
to critical phase of childhood, 007 
Dextrose : See also Blood sugar 
effect of hypertonic glucose solutions on in- 
flow of normal saline solution into sub- 
arachnoid space of dog, 407 
oral and intravenous dextrose tolerance curves 
of patients with manic-depressive psychosis, 
*852 

Diabetes Insipidus, inlieritance of, 609 
Diamond, B. D. : Clinical evaluation of mosaic 
test, 478 

Diencephalon : .See Brain 

Diethclm, 0. : Psychopathologie review of senile 
and aiteriosclerotic disorders, 299 
Dilantin : See Dementia Praecox ; Mental Dis- 
eases ; etc. 

Diplegia : See Paralysis 
Dipsomania : See Alcoholism 
Disk, Choked: See Xeurltis, optic 
Intervertebral : .See under Spine 
D1 Alplia ’rocopherol : See Vitamins, E 
Drugs, Addiction : See also under names of 
drugs, as Morphine ; Paraldehyde ; etc. 
addiction ; drugs and mental disease, 293 
Dyer, C. G. : Results of Insulin and epinephrine 
tolerance tests in schizophrenic patients 
and in normal subjects, *195 
Dyes : .See also Stains and Staining ; etc. 
paraphenylenediamine poisoning (ursol) with 
changes in central nen’ous system, *254 
Dysacousla : .See Deafness 

Dystropiiy, Muscular: See also Atrophy, mus- 
cular 

muscular; muscle clianges in myopathies and 
dystrophia myotonlca, 474 
muscular; psychosis associated with progres- 
sive muscular dystrophy, 307 
muscular; some new applications of synthetic 
vitamin E therapy, 472 
muscular; studies in diseases of muscle; 
heredity of progressive muscular dystropiiy; 
relationship between age at onset of symp- 
toms and clinical course, *041 
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Dystrophy — Continued 

muscular ; studies in diseases of muscle ; pro- 
gressive muscular dystropliy of atrophic dis- 
tal type ; report on family ; report of 
autopsy, *655 

muscular; use of alpha tocopherol in treat- 
ment of neuromuscular disorders, 611 

Ear: See also Deafness 
internal ; vestibular functions in Gulllain- 
Barre syndrome, 470 

Eaton, L. M. : Myasthenia gravis ; treatment 
and relation to thymus, 476 
Ebaugh, E. G. : Fatalities following electric 
convulsive therapy ; report of 2 cases with 
autopsy, *107 

Echlin, F. A. : Electroencephalogram In epi- 
lepsy, 296 

Eclampsia, cerebral dysrhythmia in relation to. 
*204 

Edema : See under names of organs and re- 
gions, as Brain ; Lungs ; etc. 
Electroencephalogram : See Brain, electroen- 

cephalography 

Electromyogram : See under Muscles 
Electrophoresis : See Cerebrospinal Fluid 
Electrotherapy ; See also under Dementia Prae- 
cox ; Mental Diseases ; etc. 
atypical seizures elicited by electrical stimu- 
lation of cerebrum in cat, *244 
comparison of metrazol convulsive therapy 
with electric shock in treatment of schizo- 
phrenia : evaluation of results obtained in 
treatment of 100 schizophrenic patients with 
electric shock, *587 

effect of electrical stimulation on atropliy of 
denervated skeletal muscle, *802 
electrical skin resistance technic used to map 
areas of skin affected by sympathectomy 
and by other surgical or functional factors, 
*454 

experimental studies on electric shock treat- 
ment ; intracerebral vascular reaction as 
Indicator of path of current, 617 
fatalities following electric convulsive ther- 
apy ; report of 2 cases with autopsy, *107 
interaction of electric shock and insulin hypo- 
glycemia ; experimental investigations, *808 
pathologic changes in brains of dogs given 
repeated electrical shocks, 602 
subconvulslve electric sliock therapy ; effect 
of varied electrode applications, 302 
symposium ; complications of and contraindi- 
cations to electric shock therapy, 786 
Embolism : See also Thrombosis 

formation of demyellnated plaques associated 
with cerebral fat embolism in man, *754 
Emotions, blood pressure and pulse changes in 
normal individuals under emotional stress ; 
their relationship to emotional instability, 
915 

emotional settings of some attacks of urti- 
caria, 914 

Encephalitis : See also Encephalomyelitis 

associated with herpes zoster; report of case, 
633 

hemorrhagic ; cerebral lesions following ad- 
ministration of neoarsphenamlne, 603 
toxoplasmic; clinical experience, 315 
Encephalocele : See Brain, hernia 
Encephalomalacia : See Brain, pathology 
Encephalomyelitis, equine, sequels of, *398 
scarlatinal, 619 

Encephalopathy: See Brain, diseases 
Endocrine Therapy : See under names of glands 
and hormones, as Adrenal Preparations ; 
Insulin 

English, 0. S. : Ideation and trends encoun- 
tered in psychotherapy of manic-depressive 
psychosis, 142 

Environment, effect of extremes of environmen- 
tal change on man ; president’s address, 
*421 

psychoneuroses of war, 924 
Eonlsm: See Sex, perversion 
Epidermoid : See under Cranium 


Epilepsy’: See also Convulsions 
cerebral dysrhythmia in relation to eclampsia, 
*204 

constitutional differences between deteriorated 
and nondeterlorated patients with epilepsy; 
capillaries of Anger nail fold, *49 
control of clonic responses of cerebral cor- 
tex, 921 

deterioration of patients with organic epi- 
lepsy, 605 

electroencephalogram in, 296 
electroencephalogram in “convulsive state," 
600 

electroencephalographic foci associated witli, 
♦793 

frequency of convulsive disorders in feeble- 
minded ; clinical and pathoanatomic con- 
siderations, 929 

modiAed Rorschach technic for description of 
transitory postconvulsive personality states, 
290 

myoclonus epilepsy; clinicopathologic report 
of case, 627 

potentials of rapid frequency in human elec- 
troencephalogram, 308 
pseudojacksonian, in children, *223 
psychiatric study of man with convulsive dis- 
order, 928 

reports of partial frontal lobectomy and fron- 
tal lobotomy performed on 3 patients, 473 
studies on corpus callosum ; relationship of 
grasp reAex to section of corpus callosum, 
*820 

Epinephrine : See Adrenal Preparations 
Equilibrium : See Cerebellum ; Ear, internal ; 
Posture ; etc. 

Ergotamine Tartrate : See Headache 
Eros, G. : Histogenesis of cerebral arterio- 
sclerosis, 622 

Explosions, effect of extremes of environmental 
change on man; president’s address, *421 
psychiatric syndromes following blast, 292 
Extrapyramidal Tract : See also Lenticular 
Nucleus 

pyramidal and extr.apyramidal mechanisms in 
cortical control of movement, 782 
Extremities : See also Arms 
Panalysis : See also Poliomyelitis 
paralysis ; cure of paralysis In rats with bio- 
tin concentr.ates and crystalline biotin, 285 
preganglionic components of Arst thoracic 
nerve; their role In sympathetic innervation 
of upper extremity, 126 
sympathetic denervation of feet and leg oc- 
curring spontaneously or as result of dis- 
ease, 126 

Extroversion ; See under Personality 
Eyes : See also Orbit ; Vision ; and under 

special structures of eyes 
changes in amaurotic family Idiocy (infantile 
type of Tay-Sachs disease) ; histopathologic 
observations in case, 629 
muscles ; functional representation in oculo- 
motor and trochlear nuclei, *98 
paralysis; frequency, etiology and prognosis 
of eye muscle palsies, 295 

Face, experiences with Intramedullary tract- 
otomy ; immediate and late neurologic com- 
plications, *665 

Paralysis : See Paralysis, facial 
Fantopslas : See Hallucinations 
Faradic Shock: See Mental Diseases 
Fat: See Lipoids 

Fatigue, behavior of motor units in healthy and 
in paretic muscles in man, 129 
effect of extremes of environmental change 
on man; president’s address, *421 
Feeblemindedness : See also Idiocy 

frequency of convulsive disorders In feeble- 
minded : clinical and pathoanatomic con- 
siderations, 929 

Ferraro, A. : Histogenesis of cerebral arterio- 
sclerosis, 622 

Myoclonus epilepsy ; clinicopathologic report 
of case, 627 

Fetus, early human fetal movements, 600 
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Fever: See also Malaria; etc. 

Artificial : See Neurosyphills 
neurogenic liyperthcrniia and its treatment 
with soluble pentobarbital in monkey, *518 
Therapeutic : Sec under Dementia Paralytica ; 
Neurosyphilis ; Syphilis : etc. 

Fibrosarcoma of arachnoidal origin with meta- 
stases, 288 

Filum Terminale : See Spinal Cord 
Finger Nail : See Nails 

Finley, K. H. : Potentials of rapid frequency in 
human electroencephalogram, 308 
Flechsig’s Tract : See Cerebellum ; Spinal Cord 
Foramen, Intervertebral: See under Spine 
Foreign Bodies, foreign body granulomas pro- 
duced by surgical cotton, *581 
Fractures : See Cranium ; Spine ; etc. 

Freeman, H. : Results of insulin and epin- 
ephrine tolerance tests in schizophrenic 
patients and in normal subjects, *195 
Freeman, W. : Spinal necrosis and softening of 
obscure origin; necrotic myelitis versus 
myelomalacia ; review of literature and 
clinicopathologic case studies, *G83 
Friedman, E. : Effect of autonomic drugs on 
cerebrospinal fluid pressure in schizo- 
phrenic and other psychoses ; effect of his- 
tamine, *149 

Friedreich’s Disease : See Ataxia 
Frocht, M. : 5Iyasthenia gravis ; familial oc- 
currence, *904 

Fuchsin : See Stains and Staining 

Ganglion: See also Gasserian Ganglion 

effect on electroencephalogram of lesions of 
cerebral corte.x and basal ganglia in Ma- 
caca mulatto, 601 

experimental verifleatiou of differences in 
argyrophllia of sympathetic postgangllonics 
and of other nerve fibers, 910 
Nodose : See Neurons 
Ganglionectomy : See Sympathectomy 
Gasserian Ganglion : See also Neuralgia, trige- 
minal 

tumors, and trigeminal neuralgia, 610 
Gastrointestinal Tract: See also Stomach; etc. 
cortical premotor and “postmotor” foci which 
influence gastrointestinal tract and their 
efferent pathways, 485 

Gellhorn, E. ; Interaction of electric shock and 
insulin hypoglycemia ; experimental inves- 
tigations, *808 

German, W. M. : Foreign body granulomas pro- 
duced by surgical cotton, *581 
Gibbs, E. li. : Electroencephalographlc foci as- 
sociated with epilepsy, *793 
Gibbs, F. A. : Electroencephalographic foci 
associated with epilepsy, *793 
Gildea, E. F. : Distribution of iodine in blood 
serum and in cerebrospinal fluid, *93 
Oral and Intravenous dextrose tolerance 
curves of patients with manic-depressive 
psychosis, *852 

Glioma ; glioinatous tumors in nasal region, 625 
meningeal gliomatosis secondary to intra- 
medullary glioma, *383 
Globus Pallidus : See Lenticular Nucleus 
Glucose : See Dextrose 
Goiter : See also Thyroid 

exophthalmic ; hyperthyrotic catatonia ; schizo- 
phrenic symptbm-complex, 291 
exophthalmic, with associated myasthenia 
gravis, 473 

Goodman, L. : Chronic hypertensive encephalop- 
athy; clinicopathologic report, 919 
Gottesfeld, B. H. : Psychosis associated with 
progressive muscular dystrophy, 307 
Subconvulsive electric shock therapy ; effect of 
varied electrode applications, 302 
Use of adrenal cortex extract in cases of 
insulin shock complicated by pulmonary 
edema ; review of literature and report of 
case, 304 

Gottlieb, J. S. : Treatment of schizophrenia ; 
follow-up results in cases of insulin shock 
therapy and in control cases, *266 


Grain, G. 0. : Bilateral ageusia associated with 
unilateral Bell’s palsy, 926 
Grant, F. C. : Experiences with intramedullary 
tractotomy ; immediate and late neurologic 
complications, *665 

Tumor of cauda equina with unusual onset 
and symptoms; report of case, 479 
Granuloma, foreign body granulomas produced 
by surgical cotton, *581 
JIalignant: See Hodgkin’s Disease 
Growth, changes in normal electroencephalo- 
gram of Macaca mulatta with growth, 601 
Guanidine and Guanidine Compounds: See also 
Creatine and Creatinine 
experimental and clinical studies with methjd- 
guanidlne sulfate, 145 

Guillain-Barre Syndrome : See Nerves, roots 
Guttman, S. A. : Treatment of post-lumbar- 
puneture headache with ergotamine tartrate, 
*556 

Hallucinations, visual, during paraldehyde ad- 
diction, 913 

Halstead, W. C. : Function of frontal lobe in 
man ; dynamic visual fleld, 633 
Grouping behavior of normal persons and of 
pei-sons with lesions of brain ; further 
analysis, *489 

Hamilton, E. L. : Rorschach method in state 
hospital practice, 306 

Hassln, G. B. : Changes in eyes in amaurotic 
family idiocy (Infantile type of Tay-Sachs 
disease) ; histopathologic observations in 
case, 629 

Hay Fever, study of structural and instinctual 
conflicts in cases of, 607 
Head : See also Cranium 
Injuries : See also Cranium, fractures ; etc. 
injuries; chemical changes in blood and oc- 
currence of uremia following head injury, 
467 

Injuries; statistical control studies in neu- 
rology ; Babinski sign, *272 
Headache, experimental studies ; analysis of 
headache associated with changes in in- 
tracranial pressure, *323 
treatment of post-lumbar-puncture headache 
with ergotamine tartrate, *556 
Heart, histochemlcal changes associated with 
aging ; skeletal and cardiac muscle in rat, 
912 

Hebephrenia : See Dementia Praecox 
Heine-Medin’s Disease: See Poliomyelitis 
Hematoma, Subdural : See Meninges, hemor- 
rhage 

Hemianopia, bilateral thrombosis of posterior 
calcarine arteries with sparing of macular 
vision, 484 
study of, 918 

Hemiplegia : See Extremities, paralysis'; Par- 
alysis 

Hemoglobin and Hemoglobin Compounds, normal 
rate of reduction of methemoglobin in dogs, 
284 

Hemorrhage : See also Encephalitis ; Pituitary 
Body ; etc. 

neuropsychiatric sequelae of partial exsan- 
guination, *594 

Subarachnoid : See Jleninges, hemorrhage 
Hernia : See under Brain 

Herpes zoster associated with encephalitis ; re- 
port of case, 633 
zoster, symptomatic, 135 
Herskovitz, H. H. : Psychosis associated with 
progressive muscular dystrophy, 307 
Subconvulsive electric shock therapy ; effect 
of varied electrode applications, 302 
Hlnsey, J. C. ; Stephen AValter Ranson, 457 
Hirschfleld, B. A. : Spontaneous subarachnoid 
hemorrhage; analysis of 50 cases, 483 
Histamine, effect of autonomic drugs on cere- 
brospinal fluid pressure in schizophrenic 
and other ps.vchoses ; effect of histamine, 
*449 
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Histoplasma capsulatum ; new staining method 
for demonstration of Debaryomyces neo- 
formans (Torula histolytica), Blastomyces 
hominis, Coccidloides Immltis and Histo- 
plasma capsulatum in histologic prepara- 
tions, 621 

Hodgkin’s Disease, torula meningitis (in asso- 
ciation with Hodgkin’s disease), 4G8 
Hormones : See Adrenal Preparations ; Andro- 
gens ; Insulin ; etc. 

Hoskins, R. G. : Results of insulin and epin- 
ephrine tolerance tests in schizophrenic 
patients and in normal subjects, *195 
Hospitals, results of lobotomies at Delaware 
State Hospital, 139 

Rorschach method in state hospital practice, 
306 

ward therapy; new method of group psycho- 
therapy, 611 

Hunter, J. : Effect of electrical stimulation on 
atrophy of denervated skeletal muscle, *802 
Huston, P. E. : ’I’reatment of schizophrenia ; 
follow-up results in cases of insulin shock 
therapy and in control cases, *200 
Hydrophobia : See Rabies 
Hyperpyrexia : See Fever 
Hypertension : See Blood pressure, high 
Hyperthermia ; See Fever 
Hypertonic Solution : See Brain, edema 
Hypervitaminoses ; See Vitamins 
Hypnosis, successful treatment of case of acute 
hysterical depression by return under hyp- 
nosis to critical phase of childhood, 607 
Hypoglycemia: See Blood sugar; Insulin 
Hypomania : See Mental Diseases 
Hypophysis ; See Pituitary Body 
Hypothalamus: See also Pituitary Body 

neurogenic hyperthermia and its treatment 
with soluble pentobarbital in monkey, *518 


Insulin, interaction of electric shock and in- 
sulin hypoglycemia ; experimental Investi- 
gations, *808 

results of insulin and epinephrine tolerance 
tests in schizophrenic patients and in 
normal subjects, *195 

treatment of schizophrenia ; follow-up results 
in cases of insulin shock therapy and in 
control cases, *200 

use of adrenal 'cortex extract in cases of 
insulin shock complicated by pulmonary 
edema ; review of literature and report of 
case, 304 

Intelligence Tests: See Jlental Tests 
Intervertebral Disks: See under Spine 
Intoxication ; See Alcoliollsm ; Bromide and 
Bromine 

Introversion : See under Personality 
Iodine and Iodine Compounds, in Blood : See 
Blood 

unusual complication of intraspinal use of 
iodized popp.vseed oil, 926 
Iodized Poppyseed Oil : Sec Spinal Cord 

Jaffa, D. : Spinal necrosis and softening of 
obscure origin ; necrotic myelitis versus 
myelomalacia ; review of literature and 
cllnicopathologlc case studies, *683 
"Jake" Paralysis : See Neuritis, peripheral 
Jamaica Ginger Palsy: See Neuritis, peripheral 
Jeffreys, E. 0. : Tumor of cauda equina witli 
unusual onset and symptoms; report of 
case, 479 

Jones, G. L. : Symposium ; complications of and 
contraindications to electric shock therapy, 
788 

Jurisprudence, Medical: See Alcoliolism; Crime 
and Criminals; Suicide; etc. 

value of formal psychiatric examinations in 
criminal court, 029 


Idiocy: See also Feeblemindedness 
changes in eyes in amaurotic family idiocy 
(infantile type of 'i’ay-Saclis disease) ; 
histopathologic observations in case, 629 
Inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family Idiocy, 
*708 

juvenile amaurotic; clinicopathologlc study, 
*559 


and 


Imbecility : See Idiocy 
Incest and its effect on participants, 144 
Inebriety: See Alcoholism 
Infantile Paralysis : See Poliomyelitis 
Infants: See also Children . « . 

familial type of paralysis in infants . 
its relationship to other heredofamilial dis- 
orders; clinicopathologic study, *27 
Infundibulum: See Hypothalamus 
Injuries: See Head, injuries; Spinal Cord; etc. 
Insanity: See also Dementia Praecox ; Depres- 
sion; Mental Diseases 
Alcoholic: See Alcoholism 

manic-depressive ; Dr. H. Douglas Singer s 
concept of manic-depressive psychosis, 

*"36 , ^ 

manic-depressive ; ideation and trends en- 
countered in psychotherapy of manic-de- 
pressive psychosis, 142 
manic-depressive ; nitrogen balance in pa- 
tients suffering from melancholia, 129 
manic-depressive ; oral and intravenous dex- 
trose tolerance curves of patients with 
manic-depressive psychosis, *852 
presenile ; calcification of cerebral cortex 
associated with menlngotlieliomatous men- 
ingioma ; pathologic study, with comment 
on incomplete type of neurocutaneous 
syndrome, *507 

reports of partial frontal lobectomy _ and 
frontal lobotomy performed on 3 patients. 


473 

symposium ; complications of and contrain- 
dications to electric shock therapy, 786 
Instruments: See also Apparatus 

disturbances in parotid secretion in unusual 
neurologic syndrome, *548 


Kabat, E. A.: Electroplioretic study of con- 
centrated cerebrospinal fluid, 481 
Kalinowsky, L. B. : Attempts at treatment of 
schizophrenia and otlier nonepileptic psy- 
choses with dilantln, *414 
Kaplan, L. A. : Experimental and clinical 
studies with methylguanldine sulfate, 145 
Kaufman, S. H. : A’alue of formal psychiatric 
examinations in criminal court, 629 
Kennedy, F. : Early laminectomy for injury of 
spinal cord, 773 

Kennedy Syndrome : See Neuritis, optic 
Kenny Method : See Poliomyelitis 
Kerman, E. F. : Testosterone therapy of in- 
volutional psychosis, 306 
Kernohan, J. W. : New staining method for 
demonstration of Debaryomyces neoformans 
(Torula histolytica), Blastomyces hominis, 
Coccidloides immltis and Histoplasma cap- 
sulatum in histologic preparations, 621 
Kessler, M. : Interaction of electric shock and 
insulin hypoglycemia ; experimental in- 
vestigations, *808 

Krumholz, S. : Encephalitis associated with 
herpes zoster; report of case, 633 
Kunkle, E. C. : Experimental studies on head- 
ache; analysis of headache associated with 
changes in intracranial pressure, *323 

Labyrinth : See Ear, internal 
Laminectomy : See under Spinal Cord 
Landow, H. ; Electrophoretic study of con- 
centrated cerebrospinal fluid, 481 
Landry’s Paralysis : See Paralysis, acute as- 
cending 

Language, schizophrenic, *831 
Lassek, A. JI. : Retrograde degeneration ; effect 
of hemisectlons on homolateral axons of 
spinal cord, *878 

Leinmger, C. : Neurogenic hyperthermia and 
its treatment with soluble pentobarbital in 
monkey, *518 

Lenticular Nucleus, degeneration : characteristic 
alterations in ganglion cells in cases of 
hepatolenticular degeneration and other 
hepatocerebral diseases, 289 
Lesse, S. : Subconvulsive electric shock therapy ; 
effect of varied electrode applications, 302 
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Leukotomy : See Brain, surpcry 
Lev, M. : Calcification of cerebral cortex 
associated witli meninROtlieliomatous men- 
inpioma ; patliolopic study, with comment 
on incomplete types of neurocutaneous syn- 
drome. *507 

Liclitenstein, B. W. : Calcification of cerebral 
cortex associated witli meningotheliomatous 
meningioma ; patliolopic study, witli com- 
ment on Incomplete types of neurocutaneous 
syndrome. *507 

Cervical syringomyelia and syringomyelia- 
like states associated with Arnold-Chlari 
deformity and platybasia, *SS1 
Lindau’s Disease : See Angioma 
Lindenfeld, A. : Symposium ; complications of . 
and contraindications to electric shock 
tlierapy, 7S7 

Linn, L. : Disturbances in parotid secretion In 
unusual neurologic syndrome, *548 
Lipids : See Lipoids 
Lipiodol: See Spinal Cord 
Lipoids; See also riiospborus and riiospliorus 
Compounds 

behavior of lipids during autolysis of liver 
and brain, 284 

study of nitrogenous constituents of tissue 
phosphatides, 285 
Lipoma of corpus callosum, 289 
Lissauer’s Paralysis : See Dementia Para- 
lytica 

Liver, beliavior of lipids during autolysis of 
liver and brain. 284 

cirrhosis and vitamin deficiencies in alco- 
holism, 135 

cirrhosis, experimental, etfect of alcohol in, 
4G7 

Lobectomy; See Brain, surgery 
Lobotomy; See Brain, surgery 
Looney, J. M. ; Results of Insulin and epineph- 
rine tolerance test in schizophrenic pa- 
tients and in normal subjects, *195 
Louping 111 ; See Enceplialomyelltls 
Lowenbacli, H. ; Experimental studies on elec- 
tric sliock treatment; intracerebral vasculai 
reaction as indicator of patli of current, 
C17 , , 

Lubin, A. J. : Familial type of paralysis in 
infants and its relationship to other here- 
dofamilial disorders ; clinicopatliologic 
study, *27 

Juvenile amaurotic idiocy; clinicopathologic 

Luhan, J. A. ; Encephalitis associated with 
herpes zoster; report of case, 033 
Lumbar Puncture ; See Spinal Puncture 
Lungs ; See also Respiration ; etc. 

edema ; use of adrenal cortex extract in cases 
of insulin shock complicated by pulmonary 
edema ; review of literature and report of 
case, 304 

Lymphogranuloma, Hodgkin’s ; See Hodgkin’s 
Disease 

McDonald, P. R. ; Bilateral thrombosis of pos- 
terior calcarine arteries with sparing of 
macular vision, 484 

McKinley, W. A. ; Afferent trigeminal pathways 
as determined by evoked potentials, 475 
Keurogenic hyperthermia and its treatment 
with soluble pentobarbital in monkey, *518 
McLean, Y. L. ; Oral and intravenous dextrose 
tolerance curves of patients with manic- 
depressive psychosis, *852 
Madden, J. J. ; Experimental and clinical studies 
with methylguanidine sulfate, 145 
Madonick, M. J. ; Statistical control studies in 
neurology; Bablnski sign, *272 
Maeder, L. M. A. ; Relations of psychoanalysis 
to psychiatry, 140 

Magoun, H. lA’. ; Afferent trigeminal pathways 
as determined by evoked potentials, 475 
Neurogenic hypertbermla and its treatment 
with soluble pentobarbital in monkey, *518 
Malaria, analysis of deaths following thera- 
peutic malaria, 011 

Therapeutic ; See Dementia Paralytica ; etc. 


Malnutrition ; See Dystropliy ; ATtamins ; etc. 
JIaltby, G. L. ; Cerebral dysrhythmia in rela- 
tion to eclampsia, *204 

Man, E. B, ; Distribution of iodine in blood 
serum and in cerebrospinal fluid, *93 
Oral and intravenous dextrose tolerance 
curves of patients with manic-depressive 
psycliosis, *852 
Mania ; See Insanity 

Marburg, 0. ; Familial tj’pe of paralysis in 
infants and its relationship to other here- 
dofamilial disorders ; clinicopathologic 
study, *27 

Inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 
*708 

Juvenile amaurotic Idiocy ; clinicopathologic 
study, *559 

Marie-Cliarcot Disease : See Atrophy, muscular 
5Iartin, J. ; Intracranial dermoid and epider- 
moid tumors, *50 
Masochism ; See Sex, perversion 
jMasserman, J. H. ; Experimental neuroses and 
psyciiotherapj’, *43 

Mayfield, F. H. ; Foreign body granulomas 
produced by surgical cotton, *581 
JMcdicine, Military ; See Military Medicine 
IMedulla Oblongata, experiences with intra- 
medullary tractotomy; immediate and late 
neurologic complications, *065 
e.vperimental swelling of brain, *820 
meningeal gliomatosis secondary to intra- 
medullary glioma, *383 

Meirowsky, A. M. ; Surgical history of trig- 
eminal neuralgia, *574 ; correction, 791 
Melancholia ; See Insanity, manic-depressive 
Involutional ; See Mental Diseases 
Meninges ; See also Arachnoid 
calcification of cerebral cortex associated with 
meningotheliomatous meningioma ; patho- 
logic study, with comment on incomplete 
types of neurocutaneous syndrome, *507 
fibrosarcoma of arachnoidal origin with me- 
tastases, 288 

hemorrhage, spontaneous subarachnoid ; anal- 
ysis of 50 cases, 483 

meningeal gliomatosis secondary to intra- 
medullary glioma, *383 

Meningioma, calcification of cerebral cortex 
associated with meningotheliomatous men- 
ingioma ; pathologic study, with comment 
on incomplete types of neurocutaneous 
syndrome, *507 

3Ieningitis, prognosis of pneumococcic menin- 
gitis treated witli chemotherapy, 408 
torula meningitis (in association with Hodg- 
kin’s disease), 468 

Meningococci ; See under Meningitis 
Menninger, AA'. C. ; Arterial hypertension fol- 
lowing nietrazol shock therapj', *120 
Mental Deficiency ; See Feeblemindedness 
Mental Diseases; See also Children; Dementia 
Paralytica; Dementia Praecox; Feeble- 
mindedness; Insanity; Neuroses and Psy- 
choneuroses ; Personality ; Psychiatry ; etc. 
alcoholism and mental disorder, COS 
alcoholism and mental disorder in Massa- 
chusetts, 1917-1933, 131 
and drugs, 293 

arterial hypertension following metrazol shock 
therapy, *120 

attempts at treatment of schizophrenia and 
other nonepileptic psj’choses with diiantin, 
*414 

cachexia of mental origin; nature and man- 
agement, 300 

Dr. H. Douglas Singer’s concept of psychoses, 
*732 

effect of autonomic drugs on spinal fluid 
pressure in schizophrenic and other psy- 
choses ; effect of histamine, *449 
electroencephalogram in "convulsive state.” 
600 

electroencephalography in cases of mental 
disorder, 292 

eonism ; report of case with additional out- 
standing psychopathic features, 035 
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Mental Diseases — Continued 

experimental and clinical studies with methyl- 
guanidine sulfate, 145 

fatalities following electric convulsive therapy; 

report of 2 cases with autopsy, *10T 
investigation of personality in patients treated 
by prefrontal leukotomy, 292 
myasthenia gravis and psychosis, 914 
neuropsychiatric sequelae of partial exsan- 
guination, *594 

predisposing factors in bromide intoxication, 
*359 

prognostic factors of adolescent psj'choscs, 
292 

prognostic possibilities of Rorschach method 
in metrazol therapy, 927 
psychiatric syndromes following blast, 292 
psychopathology of ego system, GOG 
results of lobotomies at Delaware State Hos- 
pital, 139 

significance of vertebral fractures as com- 
plication of metrazol therapy, G12 
sodium amytal experiments; further obser- 
vations, 287 

study of frontal lobotomy ; neurosurgical and 
psychiatric features and results in 22 
cases with detailed report on 5 chronic 
schizophrenics, 290 

subconvulsive electric shock therapy ; effect of 
varied electrode applications, 302 
survey of results of Intelligence tests in psy- 
chosis, 291 

symposium ; complications of and contrain- 
dications to electric sliock tlierapy, 786 
testosterone therapy of involutional psychosis, 
306 

Mental Tests; See also Personality 
acculturation processes and personality 
changes as indicated by Rorschach technic, 
131 

application of Rorscliach test to Samoan 
group, 608 

clinical evaluation of mosaic test, 478 
course of study in Rorschach test in diagnosis 
of milder mental disorders, 599 
deterioration of patients with organic epilepsy, 
605 

grouping behavior of normal persons and of 
persons with lesions of brain ; further anal- 
ysis, *489 

modified Rorschach technic tor description of 
transitory postconvulslve personality states, 
290 

prognostic possibilities of Rorschach method 
in metrazol therapy, 927 
psychiatry in war, 923 

psychopathologic review of senile and ar- 
teriosclerotic disorders, 299 
relation between blot and concept in graphic 
Rorschach responses, 131 
Rorschach method in state hospital practice. 
306 

survey of results of Intelligence tests In psy- 
chosis, 291 

Merritt, H. H. ; Electroencephalographic foci 
associated with epilepsy, *793 

Mesencephalon ; See Brain 

Methylguanldine Sulfate: See Guanidine and 
Guanidine Compounds 

Metrazol, arterial hypertension following metra- 
zol shock therapy, *120 
comparison of metrazol convulsive therapy 
with electric shock in treatment of schizo- 
phrenia; evaluation of results obtained In 
treatment of 100 schizophrenic patients 
with electric shock, *587 
significance of vertebral fractures as com- 
plication of metrazol therapy, 612 
Therapy: See Dementia Praecox; Insanity; 
Mental Diseases; Keuroses and Psycho- 
neuroses; etc. 

Microglioma, 605 

5Ilcropsla : See Vision, defective 

Milhorat, A. T.; Studies in diseases of muscle; 
heredity of progressive muscular dystrophy ; 
relationship between age at onset of symp- 
toms and clinical course, *641 


Milhorat, A. T. — Continued 
Studies in diseases of muscle; progressive 

muscular atrophy ; report of case with 
unusual features; effect of prostlgmlne and 
physostigmine on fasciculations ; metab- 

olism of ascorbic acid, *13 
Studies in diseases of muscle; progressive 

muscular dystrophy of atrophic distal type ; 
report on family; report of autopsy, *655 
Militar 3 ’ Medicine ; See also Aviation and 
Aviators; Hospitals; Neuroses and Psy- 

choneuroses ; Recruits ; etc. 
effect of extremes of environmental change on 
man ; president’s address, *421 
cfiologic factors In adjustment of men in 
armed forces, 925 

Injuries of Intravertebral disk In military 
service, 469 

mllitarj’ psychiatry, 915 
statistical control studies in neurology; 
Babinski sign, *272 

symposium on military psychiatry, 909 
Mira, E. : Psychiatry in war, 923 
Moore, D. H. : Electrophoretic study of con- 
centrated cerebrospinal fluid, 481 
Moore, W. D, ; Permanent damage to nervous 
system following attack of polyradiculoneu- 
ritis (Guillain-Barre syndrome) ; report 
of case, with necropsy, *895 
Moro Reflex : See Reflex, grasping 
Morons ; See Feeblemindedness 
Morphine, brain potentials and morphine addic- 
tion, 915 

Morris, A. A., Jr. : Apparatus to be used in 
recording tremors, *123 

Morris, IV. W. : Prognostic possibilities of 
Rorschach method in metrazol therapy, 
927 

Mosaic Test; See Mental Tests 
Motoneurons : See Neurons 
Movements : See also Muscles 
Disorders : See Myoclonus ; etc. 
pyramidal and extrapyramidal mechanisms in 
cortical control of movement, 782 
report of family exhibiting hereditary mirror 
movements and schizophrenia, 913 
Murder; See Crime and Criminals 
Murphy, J. P. ; Fatal cerebrovascular accident 
associated with catatonic schizophrenia ; re- 
port of case, *724 

Neuropsychiatric sequelae of partial exsan- 
guination, *594 

Muscles, Atrophy : See Atrophy, muscular 
behavior of motor units in healthy and in 
paretic muscles In man, 129 
Dystrophy ; See Dystrophy, muscular 
effect of electrical stimulation on atrophy of 
denervated skeletal muscle, *802 
fascicular muscle twitchings in amyotrophic 
lateral sclerosis ; their origin, *22 
histochemical changes associated with aging; 

skeletal and cardiac muscle in rat, 912 
muscle changes In myopathies and dystrophia 
myotonica, 474 ' 

neuromuscular hypertension and understand- 
ing of nervous conditions, 912 
Paralysis : See Paralysis 
potassium and muscular disorders, 294 
relation of fibrillation to acetylcholine and 
potassium sensitivity in denervated skeletal 
muscle, 467 

studies In diseases of; heredity of progres- 
sive muscular dystrophy; relationship be- 
tween age at onset of symptoms and clinical 
course, *641 

studies in diseases of ; progressive muscular 
atrophy; report of case with unusual fea- 
tures; effect of prostlgmlne and phj’sostlg- 
mine on fasciculations; metabolism of as- 
corbic acid, *13 

studies in diseases of : progressive muscular 
dj'strophy of atrophic distal . type ; report 
on family ; report of autopsy, *655 
treatment of certain muscular atrophies with 
vitamin E with note on diagnosis and elec- 
tromyograms, 138 

use of alpha tocopherol In treatment of neu- 
romuscular disorders, 611 
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Mynstlionla Gravis and psychosis, Ol-l 

curare sensitivity ; new dinRnostic test and 
approach to causation, *537 
fainlilal occurrence, *904 
colter with associated myasthenia pravis, 473 
potassium and muscular disorders, 294 
treatment and relation to thymus, 47G 
Myelin: See under Brain; Js’erves ; Nervous 
Sj’stcm 

Myelitis, spinal necrosis and softeninc of ob- 
scure origin; necrotic myelitis versus mye- 
lomalacia ; review of literature and cllnlco- 
patlioloplc case studios, *GS3 
Myelomalacia : See under Spinal Cord 
Myelopathy : See under Spinal Cord 
Myoclonus epilepsy; clinicopatholocic report of 
case, G27 

oculolaryngopliaryncovelopalatlvo m.voclonia 
in hulbopontile syndrome, G04 
Myograpliy : See under Muscles 
Myotonia, Dystrophlca : See Dystrophy, mus- 
cular 

Nails, constitutional dltferences between deterio- 
rated and nondetcrlorated patients witli 
epilepsy; capillaries of finger nail fold, *49 
Narcolepsy : See Sleep, disturbances 
Necrosis : See Spinal Cord 
Neoarsphenaminc : See Arsphenamines 
Nerves: Sec also Nervous System; Neuralgia; 
Neuritis; Paralysis 
Cells : See Neurons 

cerebellar action i)otcntlals in response to 
stimulation of proprioceptors and extero- 
ceptors in rat, GOl 

cholinergic nature of nerves to electric organ 
of torpedo, 4GS 

experiences with intramedullary tractotomy : 
immediate and late neurologic complica- 
tions, *G65 

fascicular muscle twltclilngs in amyotrophic 
lateral sclerosis ; their origin, *22 
motor; behavior of motor units in healthy 
and in paretic muscles in man, 129 
oculomotor; functional representation in ocu- 
lomotor and trochlear nuclei, *98 
Optic: See Neuritis, optic 
pathways for pain from stomach of dog, *739 
preganglionic components of first tlwracic 
nerve; their role in sympathetic innerva- 
tion of upper extremity, 126 
roots ; permanent damage to nervous system 
• following attack of polyradiculoneuritis 
(Guillaln-Barre syndrome) ; report of case, 
with necropsy, *893 

roots ; regenerative capacity of ventral roots 
after avulsion from spinal cord, *1 
roots ; subacute ascending polyradiculoneu- 
ritis with albuminocytologic dissociation, 
135 

roots ; vestibular functions in Guillain-Barre 
syndrome, 470 
Sciatic : See Sciatica 
Spinal : See Nerves, roots 
structures of neurohypophysis with reference 
to nerve endings, 283 

studies of living nerves; growth adjustments 
of cutaneous terminal arborizations, 910 
transplantation of aneurogenic forellmbs in 
Amblystoma punctatum, 911 
Trigeminal: See also Neuralgia, trigeminal 
trigeminal; afferent trigeminal pathways as 
determined by evoked potentials, 475 
trochlear; functional representation in oculo- 
motor and trochlear nuclei, *98 
Tumors : See Nervous System 
Nervous Sj’stem : See also Brain ; Cerebellum ; 
Nerves; Neurons; Reflex; Spinal Cord; 
etc. 

and regeneration of forelimb of adult Trl- 
turus ; role of sympathetics, 911 
autonomic responses to electrical stimulation 
of forebraln and midbrain with reference 
to pupil, 4GG 


Nei vous System — Continued 

calcification of cerebral cortex associated with 
incnlngotlieliomatous meningioma ; patho- 
logic study, with comment on incomplete 
types of neurocutaneous syndrome, *507 
cervical syringomyelia and syringomyelia- 
like states associated with Arnold-Chiari 
deformity and platybasia, *881 
Diseases : See also Epilepsy ; Jlental Dis- 
eases ; Neuritis ; Neuroses and Psychoneu- 
roscs ; etc. 

diseases ; predisposing factors in bromide in- 
toxication, *359 

disturbances in parotid secretion in unusual 
neurologic syndrome, *548 
effect of extremes of environmental change 
on man : president’s address, *421 
effect of vitamin E therapy on central ner- 
vous system in amyotrophic lateral scler- 
osis, 778 

familial type of paralysis in infants and its 
relationship to other heredofamilial dis- 
orders; clinicopathologic study, *27 
in vitro ■ formation of phospholipid by brain 
and nerve with radioactive phosphorus as 
indicator, 284 

paraphenylenediamine poisoning (ursol) with 
changes in central nervous system, *254 
permanent damage following attack of poly- 
radiculoneuritis (Guillain-Barre sj’ndrome) ; 
report of case, with necropsy, *895 
sequels of eqlne encephalomyelitis, *398 
Surgery : See also Brain, surgery ; etc. 
surgery ; American Board of Neurological Sur- 
gery, 282, 599 

sympathetic denervation of feet and legs oc- 
curring spontaneously or as result of dis- 
ease, 126 

Syphilis: See Neurosyphilis 
Tumors : See Neurofibromatosis ; Neuroma ; etc. 

war and nervous disturbances, 916 
Nervousness: See Neuroses and Psychoneuroses 
Neubuerger, K. T. : Fatalities following elec- 
tric convulsive therapy; report of 2 cases 
with autopsy, *107 

Neumann, M. A. : Fatal cerebrovascidar ac- 
cident associated with catatonic schizo- 
phrenia ; report of case, *724 
Neuralgia, trigeminal, and tumors of gasserian 
ganglion, 610 

trigeminal; experiences with intramedullary 
tractotomy; Immediate and late neurologic 
complications, *665 

trigeminal, surgical history of, *574 ; correc- 
tion, 791 

Neuritis, diagnosis and surgical pathology of 
certain types of sciatic neuritis, 928 
optic, following Weil’s disease, 471 
peripheral; systemic nervous affinity of tri- 
orthocresyl phosphate (jamaica ginger 
palsy), 470 

Neurohypophysis : See Pituitary Body 
Neurology : See also Nerves ; Nervous Sys- 

tem; Neuropsychiatry; Neuroses and Psy- 
clioneuroses ; etc. 

statisticai control studies in neurology; 
Bablnski sign, *272 

Neurons, characteristic alterations in ganglion 
cells in cases of hepatolenticular degeneration 
and other hepatocerebral diseases, 289 
experimental verification of differences in 
argyrophilia of sympathetic postganglionics 
and of other nerve fibers, 910 
Inclusion bodies and late fate of ganglion 
cells in infantile amaurotic family idiocy, 
*708 

retrograde degeneration ; effect of hemisec- 
tlons on homolateral axons of spinal cord, 
*878 

Neuropsychiatry : See also Neurology ; Psychi- 
atry; War; etc. 

in wartime ; president’s address, 773 
neuropsychiatric aspects of aviation medicine, 
147 

neuropsychiatric sequelae of partial exsan- 
guination, *594 

School of Military Neuropsychiatry, 771 
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Neuroses and Psychoneuroses ; See also Men- 
tal Diseases; Nervous System, diseases; 
Phobias ; etc. 

Dr. H. Douglas Singer’s concept of psychoses, 
»732 

experimental neuroses and psychotherapy, *43 
incidence of neurosis in cases of bronchial 
asthma, 914 

neuromuscular hypertension and understand- 
ing of nervous conditions, 912 
origin and development of ticrvous distur- 
bances experimentally produced, 129 
psychoneufoses of war, 924 
Neurosurgery : See Brain, surgery ; Nervous 
System, surgery 

Neurosyphllis ; See also Dementia Paralytica 
analysis of deaths following therapeutic 
malaria. Oil 

combined artificial fever, chemotherapy and 
vaccinotherapy in treatment, 472 
juvenile, artificial fever therapy, 138 
management of. 471 
Nicotinic Acid : See also Vitamins, B 
deficiency studies in dogs, 46G 
Nle, h. : Encephalopathy following Intravenous 
administration of arsenical preparations, 
*863 

Nitrogen balance in patients sufTerlng from 
melancholia, 129 

study of nitrogenous constituents of tissue 
phosphatides, 285 

Noran, H. H. : Sequels of equine encephalo- 
myelitis, *398 

Nose : See also Smell ; etc. 

gliomatous tumors in nasal region, 625 
Nucleus Lateralis Medullac ; See Medulla 
Oblongata 

Pulposus : See Spine, intervertebral disks 
Nutrition : See also Dystrophy ; Vitamins 
predisposing factors in bromide intoxication, 
*359 

Obituaries: 

Ranson, Stephen Walter, 457 

Obrador, S. ; Experimental swelling of brain, 
*826 

Obsessions: See Neuroses and Psychoneuroses 
Occipital Bone, cervical syringomyelia and 
syringomyelia-like states associated with 
‘ Arnold-Chiarl deformity and platybasia, 
*881 

Oil, Iodized : See Iodine and Iodine Compounds 
Old Age, psychopathologlc review of senile and 
arteriosclerotic disorders, 299 
Olfactometry : See under Smell 
Oligophrenia : See Feeblemindedness ; Idiocy 
Olivary Body : See Medulla Oblongata 
Olkon, D. M. : Eonism ; report of case with ad- 
ditional outstanding psychopathic features, 
635 p 

Ophthalmoplegia : See Eyes, paralysis 
Oppenheimer, M. J. : Cortical premotor and 
"postmotor” foci which influence gastroin- 
testinal tract and their efferent pathways, 
4S5 

Optic Disk, Choked : See Neuritis, optic 
Optic Thalamus : See Thalamus 
Orbit, primacy of area 13 of orbital surface of 
cerebral cortex in production of hyperactiv- 
ity in monkeys, 780 

Osborne, E. L. : Aberrant thyroid tumor of 
vertebrae with compression of spinal cord ; 
recovery after operation and high voltage 
roentgen therapy, *277 

Early laminectomy for injury of spinal cord, 
773 

Oxygen ; See also Respiration 

studies on metabolism of brain suspensions ; 
oxygen uptake, 911 

Pain: See also Sensation 

pathways for pain from stomach of dog, *739 
Palsy : See Paralysis 
Papilledema : See Neuritis, optic 
Papillitis : See Neuritis, optic 
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Paraldehyde, visual hallucination during par- 
aldehyde addiction, 913 

Paralysis ; Sec al.so Extremities, paralysis ; 
Eyes, paralysis ; Poliomyelitis 
acute ascending; pathology and pathogenesis 
of Landry’s paralysis, 134 
Bell’s : See Paralysis, facial 
facial; bilateral ageusia associated with uni- 
lateral Bell’s palsy, 926 
familial type in Infants and its relationship 
to other heredofamilial disorders ; clinlco- 
pathologic study, *27 
General : See Dementia Paralytica 
Infantile : Sec Poliomyelitis 
Periodic : Sec Extremities, paralysis 
syndrome of involvement of posterior cord 
of brachial plexus, *860 
Parnphcnylenedlamlne poisoning (ursol) witli 
changes in central nervous system, *254 
Paresis: See Dementia Paralytica 
Parietal Lobe : See Brain 

I’arotid Gland, disturbances in parotid secretion 
in unusual neurologic syndrome, *548 
Paskind, IT. A. : Constitutional differences 
between deteriorated and nondeteriorated 
patients with epilepsy ; capillaries of finger 
nail fold, *49 

Payne, .1. T. : Atypical seizures elicited by 
electrical stimulation of cerebrum in cat, 
*244 

Pearson, G. H. J. : Reactions' of people to war, 
140 

Pentobarbital, ’I'lierapy : See Fever 
Persky, A. : Midbrain deafness ; tumor of mid- 
brain producing sudden and complete deaf- 
ness, *237 

I’ersonallty, acculturation processes and person- 
ality changes as indicated by Rorscbach 
technic, 131 

electroencephalographic studies of jisycho- 
pathic personalities, 916 
etlologlc factors in adjustment of men in 
armed forces, 925 

incidence of neurosis in cases of bronchial 
asthma, 914 

Investigation of personality in patients treated 
by prefrontal leukotomy, 292 
modified Rorschach technic for description ol 
transitory postconvulsive personality states, 
290 

psychopathology of ego system, 606 
Petry, H. K. : Sj'mposlum ; complications Of 
and contraindications to electric shock 
therapy, 787 

Phobias, fear of being buried alive, 606 
Phosphatides : See Lipoids 
Phospholipids : See Pliosphorus and Phosphorus 
Compounds 

Phosphorus and Phosphorus Compounds, in 
vitro formation of phospholipid by brain 
and nerve with radioactive phosphorus as 
indicator, 284 

occurrence of sphingomyelin in tissues of 
cat, 285 

Physostigmine, studies in diseases of muscle ; 
progressive muscular atrophy ; report of 
case with unusual features ; effect of pros- 
tigmine and physostigmine on fascicula- 
tioiis; metabolism of ascorbic acid, *13 
Plpito, P. P. : ■ Surgical history of trigeminal 
neuralgia, *574; correction, 791 
Pi-Suner, J. : Experimental swelling of brain, 
*820 

Pituitary Body : See also Hypothalamus 
blood sugar in case of complete hypophysec- 
tomy, 136 

roentgenographic appearance of bones in 
Cushing’s syndrome, 613 
structures of neurohypophysis with ref- 
erence to nerve endings, 283 
suprasellar tumors related to pars inter- 
media of hypophysis, 287 
traumatic hemorrhage into pituitary gland, 
603 

tuberculoma of hypophysis with insufficiency 
of anterior lobe, 137 
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riatybasln : Sec Atlas and Axis; Occii)ital Bone 
rncmuoc’occl. iiroKiiosis of pneumococcic mcn- 
Inpltls treated with clieniotlicrapy, 408 
Poisons and PolsonliiK : See under names of 
various substances, as Bromide and Bro- 
mine ; etc. 

Polioenccpiialitis : See Knceplialitis 
Polioencephalomyclitls ; Sec Encephalomyelitis 
Poliomyelitis: See also Encephalomyelitis 
acute anterior; analysis of 49 cases, 409 
acute syphilitic anterior poliomyelopathlc 
syndrome: report of case, *118 
Kenny method of treatment of infantile 
l)aralysis. 310 

Pollock, B, J. : Effect of extremes of environ- 
mental chanpe on man ; iiresident’s ad- 
dress, *421 

Psychoneuroses of war. 924 
Polyradiculitis: See Nerves, roots 
Polyuria : See Biahetes Insipidus 
Pons Parolii, ocuioIarynpopharyiiKOVcIopalative 
myoclonia in hulhopontlle syndrome, 004 
Posture, experimental studies on headache; 
analysis of headache associnled with 
chanpes in intracranial pressure, *323 
Potassium and muscular disorders, 294 
in Urine : See Urine 

relation of fibrillation to acetylcholine and 
imtassium sensitivity in denervated skeletal 
muscle, 407 

Prepnancy : Sec Fetus : etc. 

Price, J. C. : Fascicular muscle twitcldiigs in 
amyotroidilc lateral sclerosis ; tlielr origin, 

5.00 

Prisons and Prisoners, iMedlcal Correctional 
Association, 771 

Prostipmine, effect on urinary excretion of 
potassium in normal subjects, 293 
studies in diseases of muscle ; progressive 
muscular atrophy; report of case with un- 
usual features; effect of prostigmlne and 
physostigmine on fasciculations ; metabo- 
lism of ascorbic acid, *13 
Tiierapy : See Myasthenia Gravis 
Psychiatry: See also Crime and Criminals: 
Hospitals; Insanity; Jurisprudence, Medi- 
cal ; Mental Diseases ; Neuropsychiatry ; 
P.sychoanalysis ; Psycliology ; Psycho- 
tiicrany ; War : etc. 

Committee on War Psychiatry of American 
Psychiatric Association, 282 
in war, 923 
militar.v, 913 

military, symposium on, 909 
problems In military aviation, 132 
ps 5 'chiatric study of man witli convulsive 
disorder, 928 

relations of ps 5 -choanalysis to, 140 
value of formal psychiatric examinations in 
criminal court, 029 

Psychoanalysis : See also’ Psychotherapy 
emotional settings of some attacks of urti- 
caria, 914 

fear of being buried alive, GOG 
incest and its effect on participants, 144 
masochistic motives in criminal behavior, 630 
micropsia, 914 
relations to psychiatry, 140 
study of structural and instinctual conflicts 
in cases of hay fever, 607 
Topeka Institute for, 282 
Psychology : See also Mental Tests ; Person- 
ality; etc. 

comparative ; experimental neuroses and psy- 
chotherapy, *43 

Psychoneuroses : See Neuroses and Psychoneu- 
roses 

Psychoses : See Insanity ; Mental Diseases ; 

Neuroses and Psychoneuroses; etc. 
Psychotherapy : See also Psychoanalysis 
and experimental neuroses. *43 
ideation and trends encountered in psycho- 
therapy of manic-depressive psychosis, 142 
psychiatric study of man with convulsive 
disorder, 928 
ward therapy. Oil 
Puberty : See Adolescence 


Pulse, blood pre.ssure and pulse clianges in 
normal individuals under emotional stress; 
their relationslilp to emotional instability, 
915 

Pupils, autonomic responses to electrical stimu- 
lation of forcI)rain and midbrain with ref- 
erence to pupil, 466 
catatonic, 918 

Putnam, T. J. : Amyotropliic lateral sclerosis 
and related conditions; clinical analysis, 
*151 

Attempts at treatment of scliizophrenia and 
otiicr nonepileptic psyclioses with dllantin, 
*114 

Pyramidal Tract, effect of precentral and post- 
central cortical lesions on fiber compo- 
nents of pyramids in monkey, 28.3 
pyramidal and extrapyramidal meclianisms in 
cortical control of movement, 782 
l)yraniidal signs of upper extremity, 917 

Pyrexia : See Fever 

Rabies, pathogenesis and histopatliology of liy- 
drophobia in man, 605 

Races, application of Rorschach test to Samoan 
group, 608 

Radiculoneuritls : See Nerves, root 

Radioactivity, in vitro formation of phospholipid 
by brain and nerve with radioactive phos- 
phorus as indicator, 284 

Ranson, S. W. : Neurogenic hyperthermia and 
its treatment with soluble pentobarbital in 
monkey, *518 

Ray, B. S. : Experimental studies on headache ; 
analysis of headache associated will: 

changes in intracranial pressure, *323 

Recruits, etiologic factors in adjustment of men 
in armed forces, 925 
military psychiatry, 915 
reactions of people to war, 140 
statistical control studies in neurology ; Ba- 
binski sign, *272 

Reflex, Carotid : See Carotid Sinus 

conditioned ; origin and development of ner- 
vous disturbances experimentally produced, 
129 

conditioned reflex therapy of alcoholic addic- 
tion; follow-up report of 1,042 cases, 138 
grasping ; studies on corpus callosum ; rela- 
tionship of grasp reflex to section of cor- 
pus callosum, *820 

pyramidal signs of upper extremity, 917 
statistical control studies in neurology; Ba- 
binski sign, *272 

Respiration, effect of alI:alosis and acidosis 
(producing changes in respiratory rate) on 
cortical electrical activity and blood flow, 
286 

Restlform Body : See under Medulla Oblongata 

Reznlkoff, L. : Comparison of metrazol con- 
vulsive therapy with electric shock in 
treatment of schizophrenia ; evaluation of 
results obtained in treatment of 100 schizo- 
phrenic patients with electric shock, *587 

Richter, C. P. : Electrical skin resistance tech- 
nic used to map areas of skin affected by 
sympathectomy and by other surgical oi 
functional factors, *454 

Riggs, H. E. : Miliary aneurysms ; relation of 
anomalies of circle of Willis to formation 
of aneurysms, 615 

Riley, H. A. : Myasthenia gravis ; familial oc- 
currence, *904 

Risteen, W. A. : Studies on corpus callosum ; 
relationship of grasp reflex to section of 
corpus callosum, *820 

Roche, P. Q. : 3Iasochistic motives in criminal 
behavior, 630 

Roentgen Rays, Therapy : See under names of 
organs, regions and diseases, as Spine ; etc. 

Rolzin, L. : Myoclonus epilepsy ; clinicopatho- 
logic report of case, 627 

Rorschach Test : See Mental Tests ; Personal- 
ity 

Rosenbaum, M. : Cerebral dysrhythmia in re- 
lation to eclampsia, *204 
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RosenWuoth, A. : Control ot clonic rcsjionscs 
of cerebral cortex, 921 

Rosenzweig, S. : Sibling deaths in anamneses 
of schizophrenic patients, *71 
Ruch, T. C. : Primacy of area 13 of orbital 
surface of cerebral cortex in production 
of hyperactivity in monlteys, 780 
Rupp, C. : Miliary aneurysms ; relation of 
anomalies of circle of Willis to formation 
of aneurysms, CIS 

Russell, W. 0. : Permanent damage to nervous 
system following attack of polyradiculo- 
neuritis (Gulllaln-Barre syndrome) ; report 
of case, with necropsy, *395 

Sachs-Tay’s Disease; See under Idiocy 
Saliva, disturbances in parotid secretion In un- 
usual neurologic syndrome, 518 
Saltzman, M. : Midbrain deafness ; tumor of 
midbrain producing sudden and complete 
deafness, *237 

Sarcoma : See also Tumors 

circumscribed arachnoid sarcoma of cere- 
bellum, 289 

metastases ; fibrosarcoma of arachnoidal ori- 
gin with metastases, 288 
of temporal lobe associated with .abscess and 
Invading subcutaneous extracranial tissues, 
C16 

Savitsky, N. : Statistical control studies in 
neurology; Babinski sign, *272 
Scarff, J, E. : Pseudojacasonlan epilepsy in 
children, *223 

Scarlet Pever, scarlatinal enceplialomyelitis, 
019 

Scheinker, I. M. : Formation of demyelinated 
plaques associated with cerebral fat em- 
bolism In man, *751 

Histogenesis of early lesions of multiple 
sclerosis; significance of vascular changes, 
*178 

Schizophrenia ; See Dementia Praecox 
Sohmale, H. T. : Clinical evaluation of mosaic 
test, 478 

Schools; School of Military Neuropsychi.atry, 

771 

Sciatica, diagnosis and surgical pathology of 
certain types of sciatic neuritis, 928 
Sclerosis: See also Arteriosclerosis 

amyotrophic lateral, and related conditions; 
clinical analysis, *151 

amyotrophic Lateral, effect of vitamin E ther- 
apy on central nervous system in, 778 
amyotrophic lateral, fascicular muscle 

twltchings in ; their origin, *22 
amyotrophic lateral ; use of alpha tocopherol 
in treatment of neuromuscular disorders, 
611 

multiple; formation of demyeliiuated plaques 
associated with cerebral fat embolism in 
man, *754 

multiple, histogenesis of early lesions of ; 
significance of vascular changes, *178 
Selective Service ; See Recruits 
Senile Plaque ; See Sclerosis 
Senility: See Old Age 
Sensation : See also Pain ; Taste ; etc, 

electrical skin resistance technic used to map 
areas of skin affected by sympathectomy 
and by other surgical or functional fac- 
tors, *454 

Settlage, P. H. : Grouping behavior of normal 
persons and of persons with lesions of 
brain ; further analysis, *489 
Sex, perversion ; eonism (transvestltism) ; re- 
port of case with additional outstanding 
psj-chopathic features, GSo 
perversion ; masochistic motives in criminal 
behavior, 630 

Shenkin, H. A. ; Primacy of area 13 of orbital 
surface of cerebral cortex in production of 
hyperactivity in monkeys, 780 
Sheps, J. G. : Frequency of convulsive disor- 
ders in feebleminded ; clinical and patho- 
anatomic considerations, 929 
Sherifian, 1. C. : Dr. H. Douglas Singer’s con- 
cept of psychoses, *732 
Eonism ; report of case with additional out- 
standing psychopathic features, 635 


Singer, H. Douglas; his concept of psychoses, 
*732 

Skin : See also Sensation 
calcification of cerebral cortex associated with 
mcningotheliomatous meningioma ; patho- 
logic study, with comment on incomplete 
types of neurocutaneous syndrome, *507 
electrical .skin resistance technic used to map 
areas of skin affected by sympathectomy 
and by other surgical or functional fac- 
tors, *454 

studies of living nerves; growth adjustments 
of cutaneous terminal arborizations, 910 
Skull : Sec Cranium 
Sleep, disturbances; narcolepsy-, 609 
loss; effect of extremes of environmental 
change on man; president's address, *421 
Sloanc, 1’. ; Incest and its effect on partici- 
pants, 144 

Mldbraln deafness; tumor of midbrain pro- 
ducing sudden and complete deafness, *237 
Smalldon, J. D. : Cachexia of mental origin ; 

nature and management, 300 
Smell, study of structural and Instinctual con- 
flicts in eases of hay fever, 607 
Societies, American Board of Neurological Sur- 
gery, 282, 599 

American Psychiatric Association, 909 
Committee on War Psychiatry of American 
Psychiatric Association, 282 
Medical Correctional Association, 771 

Society Transactioxs: 

American Association of Neuropathologists, 
615 

Boston Society of Psychiatry and Neurology, 
308, 919 

Chicago Neurological Society, 145, 475, 633, 
924 

Michigan Society of Neurology and Psychia- 
try, 478, 926 

New York Ncurblogic.al Society and New 
York Academy of Medicine, Section of Neu- 
rology and Psychiatry, 296, 773 
Philadelphia Neurological Society, 479, 780 
Philadelphia Psychiatric Society, 302, 629, 
786 

Philadelphia Psychiatric Society and Phlla- 
delphia Psyclioanalytic Society, 140 

Sodium Amytal : See Mental Diseases 
chloride ; effect of hypertonic glucose solu- 
tions on inflow of normal saline solution 
into subarachnoid space of dog, 467 
Diphenylhydantoinate : See Epilepsy 
Solandt, D, Y. : Effect of electrical stimulation 
on atrophy of denervated skeletal muscle, 
*802 

Spasm : See Convulsions ; Epilepsy : etc. 

Speigel, 1. J. : Unusual complication of intra- 
spinal use of iodized poppyseed oil, 926 
Sphingomyelin : See Phosphorus and Phos- 
phorus Compounds 

Spiegel, E. A. : Cortical premotor and "post- 
motor” foci which Influence gastrointestinal 
tract and their efferent pathways, 485 
Spiegel, D. A. : Disturbances in parotid secre- 
tion in unusual neurologic syndrome, *548 
Spinal Cord; See also Meninges; Nervous 
System ; Pj-ramidal Tract ; etc. 
aberrant thyroid tumor of vertebrae with 
compression of spinal cord ; recovery after 
operation and high voltage roentgen ther- 
apy, *277 

cervical syringomyelia and syringomyelia- 
like states associated with Arnold-Cliiarl 
deformity and platybasla, *881 
early laminectomy for injury of, 773 
nervous system and regeneration of forelimb 
of adult Triturus ; role of sympathetics, 
911 

origin, conduction and termination of impulses 
in dorsal spinocerebellar tracts (Flechslg’s 
tract) of cats, 286 

regenerative capacity of ventral roots after 
avulsion from spinal cord, *1 
retrograde degeneration : effect of hemisec- 
tions on homolater.al axons of, *878 
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pninni lu’orosis and softoninu of oliscnrc 
o^!^’in : nccrotio niyidltls versus myclonm- 
laola : review of literature and cllnleo- 
I'atludocic ease studies, 'GSit 
topical <irpanlzatlon and tcrinination of tlhcrs 
of posterior oolninns in .Macaea innlatta, 
flO 


tumor of e.anda e(inlna wltli nmisnal onset 
anil symptoms; report of ease, ‘17P 
unusual comidieation of intrnspinal use of 
iodized ]>oppysced oil, 020 
Spinal Klnld : Sec Cerelirosplnal I’lnid 
.Spinal I'lincinre; See also Cerelirospinal rinld 
exiierimcntal studies on licadae.lic ; analysis 
of headaclie associated with chances in 
intracranial pressure, *320 
treatment of post-hnnhar-puncture headache 
with creotamine tartrate, *,">30 
Spine : See also Allas and Axis 

aberrant thyroid tumor of vertebrae with 
compression of spinal cord : recovery after 
operation and hlch voltacc roentcen ther- 
apy. *277 

injuries of infcrverlebral disk in military 
service, -ICO 

sicnificance of vertebral fractures as coni- 
idieation of metrazol therapy, 012 
spinal extradural cysts, 133 
tumors ; symptomatic herpes zoster, 135 
unusual complication of Intrasplnal use of 
iodi7.cd poppyseed oil, 020 
Spinothalamic Tract; Sec Medulla Obloncata 
Spirochetosis, icterohemorrhagic ; optic neuritis 
following IVeirs disease, 471 
.Stains and Staining, new staining method for 
demonstration of Dcbaryomyces ncoformans 
(Torula histolytica), Blastomyces liominis, 
Coccldloldes immitis and Hlstoplasma cap- 
sulatum iti histologic preparations, 021 
vascularization of cerebral neoplasms studied 
with fuchsin staining method of Eros, 020 
Status Epileptlcus : See under Epilepsy 
Steinberg, D. E. : Etiologic factors in adjust- 
ment of men In armed forces, 925 
Stomach : Sec also Gastrointestinal Tract 
pathways for pain from stomach of dog, *739 
Subarachnoid Space : See Meninges 
Subdural Sjtaces ; Sec Meninges 
Subthalamus : See Hypothalamus 
Sugar in Blood; See Blood sugar 
Suicide, neuropsychlatrlc sequelae of partial 
exsanguination, *594 

Suiirarenal Preparations ; See Adrenal Preiiara- 
tions 

Suprarenals ; See Adrenals 

Surgery; See also Apparatus; Instruments; 
and under diseases, organs and regions 
foreign body granulomas produced by sur- 
gical cotton, *581 

surgical history of trigeminal neuralgia, *574 ; 
correction, 791 

Swank, K. B. ; Amyotrophic lateral sclerosis 
and related conditions; clinical analysis. 


Pasclcular muscle twitchings in amyotrophic 
lateral sclerosis ; their origin, *22 
Sympathectomy, electrical skin resistance tecli- 
nic used to map areas of skin affected b.y 
sympathectomy and by other, surgical dr 
functional factors, *454 
preganglionic components of first thoracic 
nerve; their role in sympathetic innerva- 
tion of upper extremity, 120 
Syphilis; See also Neurosyphilis; and under 
names of organs and regions 
acute syphilitic anterior poliomyelopathlc syn- 
drome ; report of case, *118 
encephalopathy following Intravenous admin- 
istration of arsenical preparations, *803 
Syringomyelia, cervical, and syringomyelia-like 
states associated with Arnold-Chiari de- 
formity .and platybasia, *881 


Tamaki, K. ; Familial type of paralysis in in- 
fants and its relationship to other heredo- 
familial disorders ; clinicopathologic study, 
*27 


Taste, bilateral ageusia associated witli uni- 
lateral Bell’s palsy, 920 
Tny-Sachs’ Disease ; See under Idiocy 
Taylor. .1. II., .Tr. ; Symposium ; complications 
of and contraindications to electric shock 
fherap.v, 789 

Testosterone ; See Androgens 
'J’hnlamus, afferent trigeminal pathways as de- 
termined by evoked potentials, 475 
'J'hale, 'T. ; Effect of autonomic drugs on cere- 
brospinal fluid pressure in scliizophrenic 
and otlicr psychoses ; effect of histamine, 
*449 

Thiamine: See also Vitamins, B 
blood lactate-pyruvate relation and its use 
In exiierimcntal thiamine deficiency in 
pigeons, 127 

study of deficiency in swine, 405 
Thrombosis; Sec also Embolism 

bilateral, of posterior calcarine arteries with 
sparing of macular vision, 4S4 
occlusion of anterior inferior cerebellar ar- 
tery, *705 

Thymus, myasthenia gravis; treatment and re- 
lation to tliymus, 470 

Thj'roid, aberrant thyroid tumor of vertebrae 
with compression of spinal cord; recovery 
after operation and high voltage roentgen 
therapy, *277 

Tic Douloureux ; See Neuralgia, trigeminal 
'I'issue ; See also Cells 
development of late gastriila ectoderm in re- 
generating tissue of Kana pipiens larvae, 
911 

occurrence of sphingomyelin in tissues of cat, 
285 

study of nitrogenous constituents of tissue 
phosphatides, 285 
Tocopherol; See Vitamins, E 
Tones, effect of cortical destruction on re- 
sponses to tones, 127 
Topeka Institute for Psychoanalysis, 282 
Tornay, A. S. : Spontaneous subarachnoid hem- 
orrhage; analysis of 50 cases, 483 
Torula meningitis (in association with Hodg- 
kin’s disease), 408 

new staining method for demonstration of 
Debaryomyces neoformans (Torula histo- 
lytica), Blastomyces horainis, Coccidioides 
immltls and Histoplasma capsulatum in his- 
tologic preparations, 021 
Tower, S. S. : Pyramidal and extrapyramidal 
mechanisms in cortic.al control of move- 
ment, 782 

Begenerative capacity of ventral roots after 
avulsion from spinal cord, *1 
Toxoplasmosis; toxoplasmic encephalitis; clin- 
ical experience, 315 
Tractotomy ; See Medulla Oblongata 
Transference ; See Psychoanalysis 
'Transvestitism : See Sex, perversion 
Trauma ; See Cranium, fractures ; Head, in- 
juries ; etc. 

Tremors, apparatus to be used in recording 
tremors, *123 

Triorthocresyl Phosphate ; See Cresyl Phos- 
phates 

'Tuber Cinereum ; See Hypothalamus 
^ Tuberculoma of hypopliysis with insufficiency 
of .anterior lobe, 137 

'Tuberculosis ; See under names of various or- 
gans, regions and diseases 
Tuberculum Sellae ; See Hypothalamus 
Tumors : See also Angioma ; Cholesteatoma ; 
Fibrosarcoma ; Glioma ; Lipoma ; ^lenin- 
gioma ; JMicroglioma ; Sarcoma ; Tubercu- 
loma ; and under names of organs and re- 
gions, as Brain; Cerebellum; Corpus Cal- 
losum ; Cranium ; Spinal Cord ; Spine ; etc. 
intracranial dermoid and epidermoid tumors, 
*50 

metastases ; symptomatic herpes zoster, 135 

Unconscious: See Psychoanalysis 
Uremia, chemical changes in blood and occur- 
rence of uremia following head injury, 407 
Urine, effect of prostigmine on urinary excre- 
tion of potassium in normal subjects, 295 
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XIrsol : See Paraplienylenediamine 
Urticaria, emotional settings of some attacks 
of, 914 

Vaccinotherapy; See Keurosj-plulis 
Van Wagenen, IV. P. ; Studies on corpus cal- 
losum ; relationship of grasp reflex to sec- 
"on of corpus caiiosum, *820 
Va lotor System : See Arteries ; Capillaries 
Vl ,, Pressure in : See Blood pressure 
Ve ;l)rae : See Spine 
Ve 'iplar Apparatus : See Ear 
!• i: See iMedulla Oblongata 
Vis' See also Blindness 

b . il thrombosis of posterior calc-irine 
l ies with sparing of macular vision, 

n. micropsia, 914 

f; j of frontal lobe in man ; dynamic 
.1 lieid, G33 

Vit..mht3r See also Ascorbic Acid ; JCicotinlc 
, . Acid ; Thiamine 

, '• -See also Nicotinic Acid ; Tiiiamine 

; rnirc of paralysis in rats with biotin con- 
centrates and crystalline biotin, 285 
. : See Thiamine 
■: See Ascorbic Acid 

. , eft'ect of vitamin E tiierapy on central 
".ervous system in amyotrophic lateral 
iclerosis, 778 

E ; some new applications of synthetic vita- 
min E therapy, 472 

E; tieatment of certain muscular atrophies 
witii vitamin E with note on diagnosis and 
clectrnmyograms, ISS 

effects of amounts of single vitamins of B 
group on rats deficient in other vitamins, 
4G4 

vihimin deficiencies and liver cirrhosis in 
alcoliolism, 135 

Waggoner, R. \V. ; rre()uency of convulsive dis- 
orders in feebleminded; clinical and patho- 
anatomic considerations, 929 
Walsii, JI. N.: Neiiropsyehlatric aspects of 
aviation medicine. 147 

War : See also Aviation and Aviators ; Hospi- 
tals; Jlllitar-.v Medicine; etc. 
and nervous disturbances, 91C 
Committee on War Psychiatry of American 
Psychiatric Association, 282 
effect of extremes of environmental change 
on man ; president’s address, *421 
neuropsychiatry in wartime ; president’s ad- 
dress, 773 


lYar — Continued 
psychiatry in, 923 
psychoneuroses of, 924 
reactions of people to, 140 
Ward, ,T. W. ; Atypical seizures elicited by elec- 
trical stimulation of cerebrum in cat, *244 
Watkins, A. E. : Kenny method of treatment of 
infantile paralysis, 310 

Weaver, H. M. : Pathways for pain from 
stomach of dog, *739 

Well’s Disease ; See Spirochetosis, Icteroliemor- 
rhaglc 

Weinberger, L. !M. ; Experiences with intra- 
medullary tractotomy ; immediate and late 
neurologic complications, *0G5 
Weinstein, K. A.; Functional representation in 
oculomotor and trochlear nuclei, *98 
W’eston, K. It. ; Cortical premotor and "post- 
motor” foci which influence gastrointestinal 
tract and their efferent pathways, 485 
W’lieal : See Urticaria 

Wliclan, F. G. : Electrical skin resistance tech- 
nic used to map areas of skin affected by 
sympathectomy and i)y otlier surgical or 
functional factors. *454 
Whitchorn, J. C. : Schizophrenic language, *831 
Willis, Circle of : Sec Brain, blood supply 
Wilson's Disease : Sec Lenticular Nucleus, de- 
generation 

Wlnkclman, N. W. ; Scarlatinal encephalomye- 
litis, G19 

Wiltman, M. P. ; Etiologlc factors in adjust- 
ment of men in armed forces, 925 
Wolff, H. G.: Experimental studies on head- 
ache : analysis of headache associated with 
changes in intracranial pressure, *323 
Studies in diseases of muscle ; heredity of 
progressive muscular dystrophy; relation- 
ship between age at onset of symptoms and 
clinical course, *041 

Studies in diseases of muscle ; progressive 
muscular dystrophy of atrophic distal type ; 
report on family ; report of autopsy, *055 
Wright, T. H., .Ir. : Symposium; complications 
of and contraindications to electric shook 
therapy, 790 

Yaskin, .T. C. : Spontaneous subarachnoid 
liemorrliage ; analysis of 50 cases, 483 

Zeller, C. A.: Symposium; complications of 
and contraindications to electric shock 
tiierapy, 790 

Zipf, G. K. : Schizophrenic Language, *831 
Zona : See Herpes zoster 




